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ABSTRACT 

In any m i s s i l e  launch complex similar to  SATURN V, cryogenic 
propellant l ines  and vent l ines  are  located on moveable service 
arms. These l ines  contain numerous joints to permit disassembly 
for repair and ease of installation. In order t o  m e e t  vacuum 
insulation requirements for the propellant l ines ,  a bayonet joint 
consisting of a double-walled, tapered-nose m a l e  plug and 
double-walled female receptacle is presently used. This joint, 
even though made of heavy gauge steel, is easi ly  damaged during 
assembly due to  misalignment and the hec.vy, cumbersome nature 
of the l ine to which it is attached. Simplification of this  hard- 
ware and improvement in joint assembly methods are  necessary 
to reduce damage, reduce replacement ra te ,  and still maintain 
the required level of insulation. 

The objective of this program was to develop, fabricate, test and 
evaluate an improved joint design. One basic  concept for a jac- 
keted single-plane-assembly cryogenic joint was developed 
during this study. It is essentially the same cone configuration 
used by AMETEK/Straza and others with a convection barrier that  
was developed and patented by Arthur D. Little, Inc. , in 1968. 
The bas ic  anticipated improvement over the patented unit is a 
new anti-convection block for u se  with liquid hydrogen. A cross- 
section of this  joint is shown in Drawing 8-030928. The new 
unit u ses  the existing ring joint flange as well a s  inner and outer 
pipe diameter envelope currently used on the Launch Complex 39 
propellant l ines and is capable of replacing all existing LC 39 
units.  

A l l  environmental testing of the bayonets was done when coupled 
with the vacuum jacketed rotary joint which was a lso  developed 
during this same program. This program was divided into two 
phases .  The first phase,  covering a period of six months, con- 
s is ted of completing the tasks  inPar.7.1 shown in the table of 
contents. A f t e r  receiving approval of the Phase 11 Proposal and 
Test Plan, the second phase was started. 
of nine months and consisted of fabricating and testing one 
8-inch diameter and one 6-inch diameter vacuum jacketed bayonet 
joint test section. 

This covered a period 

Conclusions 

The two units developed under this contract successfully m e t  a l l  
of the primary design goals which were as follows: 

A .  To confirm the low heat leak of the bas ic  design single- 
plane-entry coupling as  originally developed by Masoneilan. 
Heat leak values came out lower than calculated. 
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B. 

.C * 

D. 

To extend the design concept for use  in liquid hydrogen 
systems e This required development of a new anti-convection 
barrier which was pressure sealed against  the highly conduc- 
tive gaseous hydrogen to 300 psi.  

To maintain interchangeability with the flanged bayonets 
presently in use  on the existing Launch Complex 39 propel- 
lant transfer l ines.  A l l  existing l ines  could be modified to 
accept this new joint without disturbing the present overall 
sys  t e m  heat leak. 

To maintain structural integrity and a low heat leak on a 
joint which does not use  the stiffener rings required on the 
Masoneilan units. This allows the designer to use  a smaller 
radial clearance for any vacuum jacketed piping system. 

Recommendations 

Additional work should be done to complete the assembly tech- 
niques and heat leak  tests on other types of anti-convection 
barriers for liquid hydrogen systems.  

A l l  heat leak tests on LH2 systems should be run in liquid hydro- 
gen in lieu of liquid nitrogen. 

Conductivity tests should be run on the CTL Dixie insulator to 
further confirm the findings of this program and the Masoneilan 
Program. This would be a definite aid in future LO2 system 
designs 

The liquid nose seal used at the inner pipe junction should be 
investigated from the standpoint of simplification. There are 
probably other less expensive sea l  configurations which would 
perform the same function. 

If the bayonet presently in use  on LC 39 continues to give assem- 
bly and handling problems, consideration should be given to 
retro-fitting to this new joint. 
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7 .O 

7.1 

7.1.1 

7.1.1.1 

FINAL REPORT 

PHASE I TECHNICAL REPORT 

The following report presents the results of a l l  the tasks  required 
to accomplish the program objectives.  These objectives are 
summarized as follows : 

A. "On-site review and evaluation of present component operating 
and environmental conditions including : -misalignment of male 
and female bayonet joints during installation: installation 
procedures ; handling equipment and procedures: failure 
history and test data .  I' 

B. "Review all data and perform a design evaluation including: 
Improved seal design, sturdier structural quali t ies,  lower 
heat  leak rate joint. Determine pressure loading to accom- 
plish structural analysis e Prepare drawings for new designs 
or modifications to existing bayonet joint designs.  I' 

C . "Coordinate with vendors to ascertain availability of hardware 
required to m e e t  study needs.  Determine if hardware exists 
that will m e e t  low heat leak rate,  required assembly/ 
disassembly ease ,  ruggedness, positive sealing, simplicity 
of design and reliability. I' 

D. "Prepare a technical report of all Phase I findings including 
recommendations for new designs and/or modifications. " 

Hardware Evaluation 

Functional Review 

During the week of October 7 ,  1968,  a t  Kennedy Space Center 
and Huntsville, the pertinent information gathered in reference 
to bayonets indicated that the existing bayonet performed sat is-  
factorily except when used in conjunction with the Conoseal-type 
flange. Maintaining the sea l  in place during assembly was 
difficult and, in several  instances ,  leaks were created due to 
improper seating of the seal during bayonet assembly. 

We were advised that even though the existing bayonet performs 
well  once installed,  it is extremely difficult t o  s l i p  together. 
This is, of course, due to the handling problems associated with 
these  massive lines (8-inch Pipe x 1 0  feet long). 
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7.1.1.2 

The octagonal ring joint gasket  used with the standard lap and 
weld neck flange was performing satisfactorily. The two leak 
checks made on this seal per Assembly Specification 75M10474 
(one a t  assembly and one just  prior to launch) indicated that 
this type joint has the structural integrity necessary to withstand 
operating loads.  

Component Operating Requirements 

There were no indications that the existing bayonet design did 
not m e e t  the specification requirements in regard to heat  leak 
or gas leak ,  Several incidents of leakage were reported, but in 
each case the fault was  improper flange bolt load which pre- 
cluded sealing by the octagonal ring. There was no data uncovered 
during Kennedy Space Center trips which established whether or not 
the existing units m e t  the  specification heat leak. It is known, 
however, that  the heat leak  is higher than originally established 
in the NASA specification to Brown Engineering. This is due to a 
heavier male bayonet outer tube wall requirement brought about as 
a result  of an  early bayonet failure caused by buckling under 
external proof pressure. 

The design data used for the bayonet joint are the same as for the 
rotary joint and were taken from NASA Specification 75M09783, 
Revision D, and 75M06519, Revision E, as follows: 

Vent Lines 75M09783 

Material : 316L Exposed 
321 Internal 

Temp era ture : Ambient +125"F 
Outer Duct -250" F 
Inner Duct -423" F 

Pres sure : 

Flow: 

Operating 50 psig 
Proof 100 psig 
Burst 200 psig 

35,000 SCFM on 8-inch lines 
75,000 SCFM on 12-inch l ines 

Cycling: 10,000 pressure cycle 0 to 50 at -423°F 

Leak: (1 x ATM/cc/sec helium at 50 psig 
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Propellant Lines 75M06519 (LH2 and LO2, 8 in. x 10  in. V.J.) 

Pressure Cycles: 10,000 from 0 psi  working pressure. 

Pres sure : 

Flow Rate: 

Temp era tur e : 

Heat Gain : 

Leakage : 

Vibration : 

The most cri t ical  line pressure will be 
used to design this joint: 190 psi 
operating; 285 proof, 760 burst. 

5 ,000  GPM LO2 or 79,000 SCFM GO2 

+125"F ambient to -423 LH2 internal 

The existing system has heat gains 
ranging from 180 to 300 Btu/hr. The 
majority of this is due to bayonets. In 
order to optimize the envelope for the 
rotary and maintain common anti-convection 
blocks in the bayonet joints and rotaries, 
the higher heat leak value is being used. 

The gas  leakage through this joint will be 
the same as the existing system since the 
s a m e  ring joint flange is being used. The 
value to be used will be  the same as 
required in NASA Test No. 26427 which is 
1 x 10-4 atm /cc/sec at 50 psig helium 
pressure e 

The vibration of loads will be selected 
from Procedure I1 of KSC-STD-164 and are 
equal to =20 g r m s  e 

7.1.1.3 Evaluation of Equipment 

This section is a review of the actual hardware to  determine if  
problems with the unit are associated with the installation and/or 
removal of the component from the system. 

The main problems associated with the existing design bayonet is 
the difficulty in sliding the male bayonet into the female. 

Many units were damaged as can be seen  from a review of the 
inspection reports written by Receiving Inspection e A l l  the I. R. 's 
reflect damage done a s  a result  of installation. A total of 33 
I.R. ' s  were written against  the  l ines in the existing system. They 
were all for the following reasons: 

A. 

B. 
C .  

Scratches on I.D. of female bayonet: 
Nicks or dents on fema le  and m a l e  bayonet tubes: 
Nose seal surface nicked and scratched. 
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Similar damage occurred on the vent l ines .  The vent l ine bayonet 
is basically a studier design than the propellant l ine bayonet and 
even they were susceptible to this damage. 

The evaluation of the male/female bayonet joint as it is used in 
this system indicates that  bayonet type joints should be limited 
to approximately 3-inch diameter V. J. Lines and smaller. The 
l ines used in this  system are basically too large, cumbersome and 
heavy to  be fitted with the standard bayonet design. The design 
concepts used throughout this  study will  be other than the male/ 
female type joint. 

Due to the extreme weight of some of the l ines ,  the standard ring 
joint flange and lap joint flange will be  maintained. They also 
have sufficient flexibility for flange alignment during assembly. 

The high g loads recorded during the first two launches would 
preclude going to anything lighter or weaker. The primary load 
carried by the joint will still be the internal proof pressure load 
s ince there is no accurate way to determine and apply the vibra- 
tion g loads to the new design. The new design will ,  however, 
be tested as  outlined in Section 7.2.1 to determine the operating 
g load effects on the units.  

7.1.1.4 Review of Conditions and Failures 

This section contains a review of all data delineating problems 
encountered during operational service and a review of all condi- 
tions to which the system is subjected.  

There appears to be a few problems with the existing joints which 
are associated with actual operating service a A s  previously men- 
tioned, the primary problem is one of handling and installation. 

The main function of the joint is to maintain line vacuum integrity, 
gas tight external sealing capability, and low heat leak.  There 
were no failures uncovered during this study that indicated the 
existing design did not m e e t  specification except where improper 
sea l  assembly occurred on theconosea l  joints of Arm 6 propellant 
l ines e It was  pointed out by the personnel a t  Huntsville that t he  
nose sea l  on all propellant l ines had to be grooved to allow 
ambient test gas  pressure to be ported to the primary ring joint 
s ea l .  Without this groove the nose seal was tight enough to abort 
an  ambient external leakage check prior to actual propellant 
loading. 
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7.1.1.5 

The environmental conditions to which the new joint will be sub- 
jected,  and must therefore be kept in mind during the design phase,  
are as follows: 

A. 

B. 
C. 

D. 
E. 
F. 
G. 

H. 
I. 

J*  

Assembly ease 
Handling abuse 
G loads , vibrational 

Heat due to blast  
Noise - blast  
Internal gas leakage 
Heat leak 
Flow loads 
Pressure loads 
Static seal limitations 

Review of Test Data 

A review of the past  test data which ass i s ted  in establishing a 
preliminary reliability goal is presented here,  The pertinent test 
data would be heat  leak,  gas leak and structural failures to com- 
pare with calculated data. These data were non-existent at the 
t i m e  of inquiry during the Kennedy Space Center trips. 

A l l  information available to  u s e  at this t i m e  indicates that  had 
there been no Conoseal assembly problems, there would be zero 
failures e 

This would necessitate a reliability goal of 26-0 (see Page 49) 
failure/26 = 100%. No other failures have been observed or 
recorded by AMETEK/Straza , Boeing , or Kennedy Space Center 
personnel which indicate a heat leak or flange failure. Since this 
is an  unreasonable goal, a failure analysis based on the original 
joint design as shown in SK 4053-1 (Fig. 1) will be made. 

The first assumption is to establish the quantity of units per launch 
tower. In the existing system, there are 26 bayonets per m i s s i l e  
launcher (NIL) Assume 3 ML's  in service e 

26 x 3 = 78 + 207'0 spares = 9 4  units manufactured for project. 
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Failure Potential 

7 . 1 . 2  

7 .1 .2 .1  

A. Primary nose seal damage a t  1 Failure 
installation causing liquid 
short and excessive heat leak 

B. Weld crack on cone due to  
temperature shock causing 
vacuum los s  in V. J. 

1 Failure 

C .  Failure of cone due to vibration 1 Failure 
causing vacuum l o s s  in line 

3 Failures 

Theref ore,  
Preliminary Reliability Goal = = .9681 

Product Review 

State- of - the -Art Investigation 

The most promising data uncovered during this phase of 
the study was the following report presented at the 1964 
National Cryogenic Conference. 
presents a detailed description of the development of the 
joint which will  be used with a few modifications in this  
study. A copy of Figure 1, 2 ,  3 and 4 of the patent cover- 
ing this  joint is presented e Also included on pages 11 
through 2 6  is the test report on this same joint made by 
the Annin Company (now Masoneilan International) e 

The following report 
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Mont ebello, Califo rn i a  
a? 

*Arthur Sullivan 
Arthtir D. Little, Inca 

Santa Manica, California 

A B  ST RA CT 

A new coupling method f o r  vacuum-insulated cryogenic l i nes  has 
been conceived, analyzed and tes ted in prototype ;nd production con- 
figurations. The coupling provides  a combination of low heat l e a k  and  
single-plane a s sembly  through the use  of a novel double-seal and in- 
sulation space  arrangenient .  The t e s t  p rogram h a s  shown the superi-  
o r i ty  of a pre-molded silicon-bonded f ibe rg la s s  insulator  in th i s  service. 
A 4-inch prototype coupling using this  m a t e r i a l  displayed a 69 Btu /hr  
heat l eak  in  ca lo r ime t r i c  tes ts .  
coupling de sign ernFhasize s ruggedness,  simplicity,  e a s e  of mainten-- 
ance, small cool-down rn-acs and reliability. The rr.ating ha lves  of the 
coupling a re  interchangeable;  and the possibil i ty of introducing particu- 
l a t e  contamination to the piping sys t em is minimized  by a porous Teflon 
coating applied to the f iberg lass  insulator.  Tabulated test r e su l t s  for a 
range of production mode! sizes are provided. 

In its ?rociuction coaiiguration the 

*Currently with Litton Systems,  Inc.. 
Space Sciences Labora tor ies  
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A VACUUh,i-INSULATED CRYOGENIC COUPLING 
Ross Randall 
The Annin Co. - p  ,. : 

Montebello, Califo rn ia  
82 

*Arthur Sullivan 
Ar thur  D, Little, Inc. 

Santa Monica, California 

INTRODUCTION 

A program to develop an improved vacuum-insulated t r a n s f e r  l ine 
coupling was  initiated to m e e t  the increasing need for simplicity, low 
hea t  leak, small cool-down mass, reliabil i ty and ease of maintenance 
of cryogenic equipment. 
efficiency have been  demonst ra ted  by existing types  of couplings, it 
was  felt that  a sl ight compromise  in heat  l eak  per formance  to p e r m i t  
a n  improvement  in n--aintainability and reliabil i ty would be  appropr ia te  
for a number of applications. 

Although respectable  l e v e l s  of thermodynamic 

. 

Three  genera l  types of couplings are curren t ly  zvai lable  to join 
vacuum-insulated cryogenic l i nes  and equipment. 
system, while efficient, r a t e s  low in maintainabili ty because significant 
axial  c learance  is requi red  fo r  installation and because  the male portion 
m u s t  b e  handled with care to prevent  damage during a s sembly  and dis-  
assembly,  Welded jo in ts  offer  relatively high t h e r m a l  effectiveness at 
the expense of complex and generally i r r e v e r s i b l e  a s sembly  methods. 
Coupling sys t ems  which use  inner  l ine gasketed mechanica l  jo in ts  are 
eas i ly  disassembled,  but  impose a cool-down penalty, as the r e s u l t  of 
d i r e c t  contact  between the cryogen and a relat ively heavy inner  assembly. 
The re  is also the  choice between accepting the h a z a r d  of a l eak  into the 
vacuum space  o r  the hea t  l eak  involved i n  seai ing the jacke ts  to the inner  
fine on each  s ide of the coupling. 

The re -en t ran t  bayonet 

The coupling developed during this  p rogram provides  single-plane 
assembly  and d isassembly  of interchangeable mat ing  halves, with an 
experimentally verified low hea t  leak. 

* Current ly  with Litton Systems, Ince 
Space Sciences Labora tor ies  
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- 2- 

DESIGN CONSIDERATIONS - 
The following design goals  w e r e  establ ished at an e a r l y  stage of 

the effort:  (1) single-plane assembly ,  (2) identical  coupling ha lves ,  (3) 
simple fool-proof instzllation, ( 4 )  minimum heat  l eak  and cod-down 
losses .  
evolved f r o m  th is  program. 

F igure  1 shows the genz ra l  f ea tu re s  of the coupling which 

An init ial  prototype configuration which closely resembled that  
fihown in F igu re  1 was designed, fabr icated in a 2-inch s ize ,  a n d  tested 
f o r  t he rma l  performance.  These e a r l y  t e s t s  es tabl ished the feas ib i l i ty  
and a t t rac t iveness  of this  coupling concept, while indicating those 
aspec ts  of the de sign which requi red  optimization. 
t he rma l  performance of this  prototype was  found to be s t rongIy affected 
by the gas-space  insulator  m a t e r i a l  and its configuration; ando to a 
l e s s e r  extent, by the effectiveness of the inner  l ip-seal.  Thus, the de- 
sign resolved itself to m a t e r i a l  selection f o r  the insulator  and lip-seal, 
and optimization of the bas ic  configuration. 

The s teady-state  / 

A 4-inch prototype coupling and a ca lo r ime t r i c  t e s t  f i x tu re  were 
designed and constructed to p e r m i t  insulator  and l ip -sea l  pe r fo rmance  
evaluation in a device which closely approximated the final coupling 
configuration. The number of candidate insulator  m a t e r i a l s  was re-  
s t r ic ted  by the following requi rements  : (1) low t h e r m a l  conductivity, 
(2) chemical  insensit ivity in O 2  a tmospheres ,  (3) f reedom f r sm tendency 
to sh red  or f ragment  and thereby introduce par t iculate  contamination 
into the l ine or assoc ia ted  equipment. 
urethane, s in te red  Teflon (5 -micron  hole s ize) ,  and silicon-bonded 
f iberglass .  
m a t e r i a l s  tested. Initially, stacked-disks of 0.080" thick fiberglass 
w e r e  used;  but an appreciable  improvement  in t h e r m a l  pe r fo rmance  was 
observed with substitution of spec ia l  f i be rg la s s  insu la tors  molded  to fit 
the coupling. 

T e s t s  w e r e  conducted with poly- 

The f iberg lass  displayed a marked  super ior i ty  to the o the r  

Table I s u m m a r i z e s  the r e s u l t s  obtained with the 4-inch prototype 
coupling, a s  well as  the per formance  of a l a t e r ,  m o r e  refined, 4-inch 
t e s t  unit. 
compared  well with the observed performance of this  improved  coupling. 
A number  of l ip -sea l  configurations were  tes ted during th i s  p.rogram, 
and it was  determined that the design of the l ip -sea l  does  not significantly 

The analytically predicted heat leak  f o r  the improved unit 
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af fec t  the heat  leak  of the coupling as long as a resonable  obstacle  to 
fluid t r a n s f e r  into the insulation space is maintained. Accordingly, a 
commerc ia l ly  available spring-loaded Teflon face  s e a l  was selected 
f o r  th i s  function. 

Initial t e s t s  of 

TEST PROGRAM 

the 2-inch prototype coupling were  conducted with 
liquid nitrogen at a tmospher ic  p re s su re .  The hea t  l eak  of the 2-inch 
coupling when installed in a ver t ica l  l ine was  obtained by observation 
of the difference between the boil-off r a t e  with the liquid level two feet 
above and two fee t  below the coupling. Although th is  technique gave 
sat isfactory and reproducible resu l t s ,  it did not p e r m i t  per formance  
evaluation in a horizontal  attitude. In addition, the t i m e  requi red  to 
t e s t  l a r g e r  couplings using this  method would be excessive.  
reason,  a m o r e  refined t e s t  method was  emplcyed for the 4-inch proto- 
type t e s t  a r t ic les .  

F o r  th i r  

F igu re  2 schematical ly  depicts  the ca lo r ime te r  f ix ture  used to 
m e a s u r e  the h e a t  l eak  to the 4-inch prototype t e s t  coupling. By encasing 
tke t e s t  a r t i c l e  in 3 /  16-inch copper  sheet  and sepa ra t e  I$-inch copper 
r ings butted agzinst  the coupling flanges,  conr,ecting copper  bars between 
this assembly  and external  copper  pads, and with a 4-inch thickness  of 
Styrofoam insulation ove r  the en t i re  assembly,  a control led i so thermal  
environment could be  maintained around the coupling b y  application of 
heat  to the ex terna l  pads using light-bulb hea t  sources .  
ta l  technique then consis ted of measur ing  the t empera tu re  difference 
between the inner  and outer  end of each copper  ba r ,  with subsequent 
conversion of t h i s  t empera tu re  difference into an  equivalent heat Now on 
the b a s i s  of the known cha rac t e r i s t i c s  of the copper  bar. For each  teet, 
the the rma l  environment of the pipe and coupling w a s  maintained within 
2 ° F  of ambient  tempera ture ,  in which configuration the spurious heat  
l eak  through the Styrofoam calculated to  be  less than 1% of the total  
m e a s u r e d  heat input through the copper  path. 
t ro l  of the t e s t  f ixture  through var iac-regulat ion of the light-bulb hea t  
s o u r c e s  proved sat isfactory,  and steady- s ta te  operat ion was achieved 
approximately one hour a f t e r  s tar t -up@ 

The experimen- 

Manual t empera tu re  con- 

In addition t o  monitor ing coupling hea t  leak, the effect iveness  of 
the l ip-seal  was  checked by o5serving the r a t e  of p r e s s u r e  r i s e  in the 
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insulation space  during pressur iza t ion  of the inner  line. During the 
prototype test s e r i e s ,  it was  noted that  the l ip -sea l  behavior  did not  
ma te r i a l ly  affect  the the rma l  per formance  of the coupling as long as 
a n  obstacle  to g r o s s  flow between the inner  l ine  and insulation space  
w a s  maintained. 

A s  the r e su l t  of a n  ea r ly  t e s t  fa i lure  of a thin-walled cyl inder  
during pressur iza t ion  tes t s ,  the cyl indrical  coupling sect ions shown in 
F igure  1 w e r e  fabr ica ted  and exposed ta des t ruc t ive  collapse-loading 
in  a hydraulic chamber .  With the information obtained f r o r i  these  tests, 
a modified prototype coupling was  constructed with stiffening r ings  and 
a re inforced nose piece incorporated in the cyl indrical  section. 
later configuration w a s  successfully tes ted  to twice the selected design 
working p r e s s u r e  of 165 psia. 

This 

DISCUSSION OF RESULTS 

During this  development, an  analytical  evaluation of the t h e r m a l  
F igure  3 i l l u s t r a t e s  the performance  of the coupling w a s  completed. 

calculated relationship between heat l eak  and seve ra l  important  coupling 
design pa rame te r s .  A t  the beginnin of the program,  we believed that 
an  insulation conductivity of 8 x 10 Btu-in/hr-in'-"F could be attained. 
With th is  value znd with, say, K1 = 1.0, K2 = 0.14 f o r  a 4-inch coupling, 
the calculated Cc would be  56 Btu /hr  to  which radiation hea t  t r a n s f e r  
would add approximately 3 Btu/hr.  With s tacked r ings  of f ibe rg la s s  as 
an insulator,  a hea t  l e a k  of S l  Btu /hr  was  observed  with the 4-inch test 
ar t ic le .  This heat  l e a k  cor responds  to a n  apparent  conductivity (KZ) of 
1,6 x 10-3 Etu-in/hr-in'-"F, With l a t e r  substitution of a molded silicon- 

'bonded f iberg lass  insulator ,  the experimental  hea t  l e a k  dropped to 64-69 
Btu/hr. V i e  f ee l  that  the Btu-in/hr-in2- "F apparent  conductivity 
displayed by th i s  specially p repa red  m a t e r i a l  resul ted la rge ly  f r o m  the 
a l t e r ed  "lay'' ob the individual f i b e r s  compris ing the material. ,In the 
stacked-disk a r r a y  the general ly  rad ia l  or ientat ion of the f i b e r s  provided, 
more ,  and m o r e  d i rec t ,  heat  t r a n s f e r  paths  than the wrapped f i b e r s  in 
he molded insulator. 

-1 

On the basis of the results obtained with the prototype 4-inch coupling, 
the design of a production configuration w a s  completed. 
trates the genera l  feat i l res  of the production units and p resen t s  t he  basic 
dimensions and anticipated per formance  f o r  a range of production coupling 

F igu re  4 i l lus- 
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sizes .  
higher  
design 

The hea t  l eak  values  quoted f o r  these units are somewhat 
than were  observed in prototype t e s t s  because a m o r e  rugged 
h a s  been adopted to withstand operating p r e s s u r e s  to 250 psi. . 

The design ut i l izes  a commercial ly-avai lable  cold seal and a f l a t  corn- 
pression-type w a r m  seal. 
each  coated with a thin porous l a y e r  of Teflon to eliminate the  possi-  
bility of f ibrous contamination of the l ine during assembly  o r  subsequent 
repa i r - -ear ly  t e s t s  have substantiated the fGasibility of this  coating con- 
cept. 

The insu la tor  is pre-molded in two pieces,  

1 Three  s i z e s  of the production coupling, 12, 3 and 6-inch, have been 
fabricated and have been tes ted  as  shown in F igu re  7. 
uti l izes  a housing of insulating ma te r i a l ,  spli t  so it can be slipped ove r  
the pipe, which contains e l ec t r i c  l a m p s  f o r  hea t  sources ,  and a stirring 
fan to provide uniform air t empera tu res .  
through the wal ls  to indicate in te rna l  air tempera tures .  
bas i s  is t h a t  when there is n o  t empera tu re  difference between the in t e r io r  
of the box and the room amblent,  the heat  furnished by t h e  l a m p s  is equal 
to thzt abs t rac ted  by the coupling. The l a m p s  are provided in units which 
c a c  be switched in as needed, with a var iable  t r a n s f o r m e r  voltage adjust-  
m e n t  to provide fine adjustment.  Power  input was  m e a s u r e d  with a'stan- 
d a r d  watt  hour  m e t e r  by t iming one revolution of the m e t e r  disk. 

This method 

Thermomete r s  a re  placed 
The method 

The r e su l t s  of the t e s t s  a r e  shown in Table XI. 
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TABLE II 

Heat Loss, Btulhr 

Size Zero Pressure 150 Psi 
Calculated Measured Calculated Mea su red 

1* 46.9 59.8 49.8 64.0 

3 720 0 81.7 79.4 85.8 

6 124 132.5 136.3 
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CONCLUSIONS 

An extensive t e s t  program has proven the feasibi l i ty  of a novel 
~ 

coupling ccncept that provides  a simple,  ragged, re lat ively low heat 
loss joint for vacuum-insulated cryogenic l ines.  In its production ver- 
sion, the coupling is compr ised  of identical  mat ing  F ieces  which offer  
single-plane a s sembly  o r  d isassembly  with a minimum number  of loose 
pieces  and reduces  t h e  possibil i ty of contamination f r o m  the insulation. 
Analytical predict ions of heat  l eak  have been substant ia ted by evaluation 
t e s t s  on both prototype and production ve r s ions  of the coupling. 
anticipated that  this  coupling concept will find application in  systems re- 
quiring low heat  l o s s  jo in ts  that  are readily sepa ra t ed  for modification 
o r  maintenance. 

It is 
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FIGURE: 1 
PROTOTYPE COUPLING 

GENERAL CONFIGURATION 

Annin Cryogenic Coupling, Figure 1 
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7.1 .2 .2  

7 . 1 . 3  

7 . 1 . 3 . 1  

Hardware Inves tisation 

The availability of new hardware which could f i l l  the require- 
ments for this study was very limited. A letter of inquiry was  
sen t  to each of the following vendors as listed under bayonet 
suppliers in Cryogenic Engineering News. The VSMF was  
consulted along with checks against  IDEP, DDC, and PRINCE 
data files. 
Airco Cryogenics 
American Cryogenics, Inc.  
Andonian Associate s , Inc . 
Beech Aircraft C orp ora ti on 
Cleveland Tool and Die 

*Consolidated Precision Corp. 
*Cryogenic Associates I Inc.  
*Cryogenic Engineering Co. 

CVI 

DK Aero Company, Cobra Plant 
Flexible Metal Hose 

Kentube Company 
Minnesota Valley Engineering, Inc . 
Spe mbly T e  chn ica 1 Products 
*U ni- F lex Cryogenics 
*Vacuum Barrier Corporation 

*The Heckerman Corporation 

Only those vendors with the asterisk before their names respon- 
ded to  the inquiry. In every c a s e  there were no new innovations. 
A l l  existing bayonets are the typical male/fema'ie concentric tube 
type units used primarily on a laboratory bas is  or s m a l l  diameter, 
four inch 0. D. I line s i zes .  

An unsuccessful attempt was made to acquire more detailed design 
data from Masoneilan (Annin) who manufactured the A. D. Little 
unit. This information was to  be used t o  confirm the analytical 
design approach for the new modified unit. A comparison between 
the analytical  and .the empirical resul ts  was to  be made for the 
Masoneilan unit. The comparison would then have been applied 
to  the new unit t o  verify the analysis .  Since this information is 
unavailable I an analytical  confirmation of the heat leaks shown 
on the previous Figure 1 Table cannot be presented. 

Desiqn Phase 

Design Evaluation 

Several design configurations were developed early in  the program 
as shown in SK4053-1 (Figure 1) and SK4053-2 (Figure 2 ) .  The 
radially stacked cone concept used here is a carry-over from 
standard industry practice in manufacturing vacuum jacketed 
l ines.  It gives the desired long metal conductive heat  path 
while, a t  the same t i m e ,  maintaining a single plane assembly. 
As  can be seen  in these sketches,  an attempt was  made to 
maintain a minimum gas space between cones to decrease the 
convection heat l o s ses .  The calculations presented in the 
Appendix indicate that convection is not a problem, therefore, 
it was not included in the total  heat leaks for this  type joint. 
I t  was later discovered, after reviewing the Annin design, that  
convection must be completely blocked. For this reason and the 
additional complexity of the multiple welded cones,  this design 
was given up in favor of the Annin type joint. 
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The design criteria used for the joint is as follows: 
A. Leakage 

1 X 
NASA TCPV-2 6427 Line Leak Check Procedure. 

B. Temperature 
+125OF to -423OF internal, 140OoF for 10 seconds 
external e 

C .  Pressure 

atm cc/sec as measured in accordance with 

190 p s i  operating, 285 proof and 760 burst. 
D.  Size 

Six inch and eight inch inside diameter as required 
to f i t  rotary joints. 

300 Btu/Hr. maximum. 
E. Heat Leak 

F. Vibration 

20 grms. 

The original Figure 1 and Figure 2 designs compare favorably 
on a heat leak bas is  with the existing 8" and 1 0 "  propellant 
l ine bayonet as shown on SK 4053-3 (Figure 3 ) .  The calcu- 
lated heat leak of the former is 150 Btu/hr as compared with 
238 Btu/hr for the existing LC39 bayonet. These heat losses 
are based on liquid oxygen system temperatures of -297OF on 
the cold s ide and + 100°F on the hot s ide.  

The design of the Final unit to be tes ted in  Phase I1 of this  
program is shown in Drawing 8-030928 and 8-030929. 

This design will  be used to  test several  types of anti-convec- 
tion blocks. 
LHz system block, considerable effort will be expended on 
this  program t o  optimize a design capable of minimizing the 
heat  leak for this highly conductive gas. The problem is to 
obtain a material that  can withstand the collapse proof pres- 
s'ure when encased in a gas  tight closure and, at the same 
t i m e ,  have a low conductivity and cryopump capability. 

Since Masoneilan did not attempt to  develop an 

The materials being considered for the anti-convection barrier 
and analyzed in  this report are as follows: 

LO2 System LH System 
JBreathinq Type) (Sea?ed Type) 

1. CTL-Dixie 1. Teflon foam filled 
Silicone-bonded fiberglass honeycomb 
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LO2 System LH2 System 
(Bre a thins TYP e) 
1. (Continued) 1 e (Continued) 

(Sealed Type) 

(Used on Annin Unit for 

(Dwg . 8-070033) 

(Dwg. 8-100100) 
A. D . Little Company) 2 .  Closed cell poly- 

urethane foam. 
3. Union Carbide 2. Thermic, Inc. 

Open cell poly- Open cell foamed teflon 
urethane foam. 

7.1.3.2 Analysis 

The analysis  for these cryogenic joint configurations is 
broken down into two parts. The f i rs t  part covers the 
liquid oxygen unit with its breathing type anti-convection 
block. The second part covers the liquid hydrogen units 
with its sealed anti-convection block. The 
insulators are summarized in Table I and the 
I1 

A. Liquid Oxygen Unit 

The new design,  based on modifying the A. D. Little 
design so as not to  use  the reinforcing rings on the 
inner cylinder, is shown in  Figure 4.  This eight 
inch s ize  joint uses  a weld neck and a lap joint 
flange to  be representative of a typical installation. 
The lap joint has  been slightly modified to  allow for 
as thick a convection barrier as possible.  The 
sizing of the cylinder and cme are based on a proof 
pressure of 285 psi .  
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Figure 4 - Insulator Cone Detail 

TABLE I 
I--- 1 ----- I'--- 7 

Cone I Cyl.  \ One iJwo 
.035"th I .  OG0"th 1 Side I1 ATM 

1 1 -side con- 1 s ide  1 s ide  Total Fo&02 

- - 

*Same as  for Rotary Joint - TVO 4057 

Original Brown Enqineering design heat leak 

8" LO2 Bayonet = 238 btu/hr @ 1 ATM 
= 260  btujhr @ 10 ATM 
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Insulator No.  1 (LO2) (CTL-DIXIE) 
- 

This heat  leak calculation wi l l  be based  on using the  A.D. Litt le 
convection barrier material where k = 0 . 0 1  2 Rtu/hr-ftz - O F/ft . 
This is slightly worse than GO2 (0 .01)  at m e a n  temperature of 
-lOOoE'. The material used by CTL-DIXIE in  th i s  barrier is dis- 
cussed  in detai l  in the Patent No .  3 ,371 ,946 ,  Paragraph 7 .1 .2 .1 ,  

t 
5.5"R 

-77 - 5 5  -33 -11 +11 4-33 +55 +77 + l o 0  +lOO°F 

8 7 6 5 4 3 2 1 I) 

--p 0.60 'I 

TYP 

4.5"R 

Figure 5 - Cone Temperature Gradient 
_ .  . 

Assume flange temperature = 1 0 0 ° F  at cone and flange junction. 
Figure 5 es tab l i shes  the tempcrature gradients across  the insulator 
for u s e  in calculating the  hea t  loss through the convection barrier. 
The heat loss through each  of the sect ions 0 through 9 a re  totaled 
in Table 11. 

From the equation 
A ZQ = kXKAT, 

the  following table  is made to es tab l i sh  the heat leak through the  
convection barrier. 
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! A  L T 1 Mean Heat  Leak 

t 
j o  e 0 76 
I 1 - 1 2 8  I 

2 .127 

3 8 .125 I 

4 .122 ; 

5 . I 2 1  , 

! 6 e 120  
7 .119 

8 e 118 
9 .117 

! 397 

397 
I 352 

308 
264 
220 

176 

I 

, 

I 132 

, 083  

.075 

.065 

.056 

.05 6 

* 03 7 
.029 
.019 

4.36 
8 .12  
8 .25  
8 .25  
8.40 
8 .63  
8.72 
9.80 

.008  , 88 15 .50  
15 .50  

1 95.53 

i .004 44 i 
f 

! 
L , 

Insulator N o .  2 (LO2) (Foamed Teflon) 
The heat loss  calculations for the open cell foamed teflon 
are identical t o  those for the first insulator, The only 
difference is the thermal conductivity. The density ratio 
between the Thermic material and the CTL material is 

0.008 
0.012 

or approximately a 30% decrease in  heat loss  for the foamed 
teflon. These heat loss  values are tabulated in Table I .  

B.  Liquid' Hydrogen Unit 
Based on the information available today from Refer- 
ences  1, 2, 3 ,  4 ,  5 ,  and 6 ,  several methods can be 
used to  design a convection barrier block for use  in 
the liquid hydrogen system. This block is different 
from that in the LO2 system since it cannot be 
allowed to  breathe the gaseous hydrogen due to  its 
high thermal conductivity (about 7 .5  X Goa) e 

The material used must therefore be sealed against 
the 285 psi  line proof pressure. Several materials 
are available, such a s  1 0  lbs/cu. f t .  rigid poly- 
urethane foams and foam reinforced honeycomb. 
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Very little information is available on the conductivity 
of these materials designed to withstand the 285 psi  
pressure. Most work up to date has been for 20 to 40 
psi  systems similar to Centaur and Saturn V tank 
insulations. 

Figures 6 and 7 are presented as two methods which 
can be used as convection barriers in the hydrogen 
line. The method shown in Figure 6 which uses  the 
honeycomb/open cell foam teflon encased in a sealed 
0.002 inch thick stainless shell ,  would be the more 
expensive approach but would give the lowest heat 
leak. The open cell teflon prevents convection losses 
within the cell while still allowing the cell cavities to 
cryopump. The cryopumped CO charged cavity would 

With this design, the shell  could be evacuated to a 
high vacuum prior to sealing of the stainless covering. 
This would further improve the joint heat leak. 
The method shown in Figure 7 which uses  a closed 
cell rigid polyurethane foam capable of withstanding 
the 285 psi  proof pressure will only partially cryopump 
due to the temperature gradient across the foam. 
Therefore, the high k factor of the foam would be 
reduced only by approximately 1/3 of i t s  initial k 
factor of 0 e 30 e This material does not lend itself to 
evacuation due to the heavier cell wall structure and 
the large s ize  molecules of the freon foaming agent. 

have a negligible conductivity 3 actor. 

Insulator No.  1 (LH,) (Foamed Teflon Filled Honeycomb) 
The teflon foam filled honeycomb will be analyzed first. I t  will 
be assumed that the open-celled structure will be charged with 
C 0 2  a t  1 atmosphere prior to sealing of the outer jacket. A 
gettering material wdll be placed adjacent to the cold wall as 
shown in  Figures 6 and 7 
tivity of this structure is 

prior to seal-up. The thermal conduc- 
as follows: - - 

Keff = Kcomb + 'foam 

where - - density comb 
%omb density resin 'resin 

Honeycomb is Hexcel HRP 3/16-GFll-4.0 
P = 4.0 lbs/cu. ft.  
Compressive strength = 370 to  460 psi  unbonded to shell. 

- 
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This honeycomb is a flex-core glass reinforced plastic 
which allows one to bend it around the cylinder. This puts 
all cores  in a radial direction for optimum load carry 
capacity and minimum hea t  leak e 

Resin Density = 115 lbs/cu,ft. 
(references 6 and 8) 

(Continued on Page 42) 
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e 002" THICK STAINLESS STEEL 

- - I - 
%OAM + KCOZ 

+ K~~~ = K~~~~ 

SHELL COhT'IGURATIOK PRIOR TO SEALING 

Figure 6 - LH2 Insulator #1 

. - .-.- . .. - . 
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1- POLYURETHANE FOAM 10 LB/CU FT. 

c- 

LAYER OF GETTER 

I 

SHELL CONSTRUCTION SAME AS 
FI'GURE 6 

- - 
a s  + - - 

K~~~ - K~~~~ 

Figure 7 - LH2 Insulator #2  and #3 - 
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Thermal  Conduc t iv i ty  (K) r e s i n  = 3 . 2 (Fig. 8) - . O . Kcore = & x 3.2  = 0.112 btu-in/hr f t 2  OF 

and: 
- - 

x Ktef lon  = density foam 
Kfoam d e n s i t y  t e f l o n  

D e n s i t y  foam = 5,O #/cu f t  (From Thermic,  Inc.) 
D e n s i t y  t e f lon  = 134 #/cu f t  (ref 7) 

Ktef lon  = 1.7 btu-in/hr f t 2  OF (ref. 7) 

- 
go. Kf*arn = 5  134 x 1.7 = 0.064 btu-in/hr f t 2  OF 

and: - 
= 0 s i n c e  it c a n  cryopump o u t  t h rough  t h e  open 

cell foam.  
Kco2 

btu -in - 
OF 

= 0.112 + 0 , 0 6 4  + 0 = 0.176 hr-ftL Keff . 

btu-f t  - - -- 0176 - 0.0147 - 
12 hr -f t roP 

THERMAL CONDUCTIVITY FOR 
I TYPICAL FIBERGLASS EPOXY RESIN HONEYCOMB 

4.0 .I- I = 115 g/Ft3 (From Ref #8) .*--c 
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The total hea t  leak  for the Honeycomb design is as follows: 

 TOT - q~~~~ + q c r L  + ~ I N S U L  + %TI, 
- 

WHERE: 

CONE=. 03 5 'I  TH 
+'. 002 SHEET %-\ t 

STL CLOSURE (. 002") 

-L 

-42.3 
7 < -1 63 

I--- 
+ .002 SHEET 

INSULATOR 

CONE: 

= 4.5"  : L =  5 .3"  'b r = 5.5" : a 

q =  2 n X 7 . 0 X T  037 +(5*~~54*5)31'2(".5,~ ' ' 5 )  p3-(+103 

= 32.8 Btu,'Hr - 
(Ref: Appendix 7.5.4 .) 

CYLINDER: FROM q = k X A I L  X AT 

X 12 [- 163 - (-423q = 50 Btu/Hr q = 7 .0  X T f X  9, X .@62  
144 5 . 3  
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INSULATOR #1 (Honeycomb + Foam T e f l o n  + Cryopumped GO2) 

-1.33 

-191 

1 

2 

3 

4 .  

5 

6 

7 

8 

9 

-104 -75 - 46 

- 2'1 0' -249 -278 

-A-  
Area 
F t2 

.128 

. I 2 7  

.125 

. :22 

.121 

0 120 

.119 

,118 

.117  

-L - 
Length 

Ft 

.075 

.065 

.OS6 

.046 

.O37 

.029 

.OL9 

.GO8 

.004 

-AT - 
T e m p  
OF 

523 

464 

40 6 

348 

290 

232 

174 

106 

58 
TOTi --.- 

13.0 

13.3 

13.3 

13.7 

13.8 

14.1 

19.2 

22.8 

25.0 
148.2 

- 
Mean  

Heat Leak 
A S=.O1477 

See Table 111 for total heat leak of joint  using Insulator  #l. 
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Insulator N o .  2 (LH2) (Closed Cel l  Polyurethane Foam) 

The thermal conductivity of the polyurethane structure as 
estimated by Upjohn, CPR Division of the Upjohn Company, 
is shown in  Figure 9 .  This extrapolates to  a k factor of 
0.30 at the mean temperature of -166OF. With the partial 
cryopumping of t e foaming agent,  this will  drop to-possibly 
0.25 Btu-in/hr f$ OF (0 .021  Btu-ft ) 

A 

hr f t z  OF 

The calculated k using the previous method and a s  outlined 
in Reference 6 is as follows: 

where: - 
= Density foam X K res in  

Kfoam Density res in  
= - 10 X0.917 (Reference 6) 

70 
= 0.13 Btu-in/hr f t 2  OF - 0 .011  Btu-ft/hr Ft2 OF 

Since this  value is approximately equal to a density of 
2 #/ft3 foam a s  shown in Figure 9 ,  the higher value of 
0.02 1 will be used. 

The hea t  l o s s  for th i s  value is therefore: 
021 148.2 X = 212.0 Btu/hr 

See Table I11 for the total heat  leak of joint using Insulator 
No.  2 .  

Insulator No.  3 (LH2) (Open Cel l  Polyurethane Foam) 

A new method, little known in the industry, was recently 
uncovered 'for manufacturing open cell polyurethane foam 
(see Reference 9) .  
Carbide, fits this application very nicely since it allows 
the entire block cavity to  cryopump. The open cell poly- 
urethane has  a total  heat leak less than Insulator N o .  2 
and will  carry a higher compressive load than the same 
density closed cell foam. The load carrying capability 
increases  between 20% and 100%. 

This material, developed by Union 
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The lower the "K" V J ~ U C  thc better the insulation p r o p  
erties. and CPR rigid urc:hane foam has the lowest 
K.factcr of all commercial insulation materials. The 
insulating effect:bcness of CPR urethane i s  the result 
of circurnjacent. fluorccarb,?n.fitled. closed micro cells. 
This rnaL.e.up g!vss it nct only low thprnal conductiv- 
ity, but 51x1 an exircmely Icw rnoisture+apor perrne 
aSility anc! J high resistance to water absorption. Added 
to this i s  a symmetricaliy formed cell structure which 
provides J high deGree of strength along all axes. The 
resulting dimensicnal s!zbility prevents costly heat 
gains or losses ca-sed t y  shrinkage or buckling, and 
assures a lasting unhfsrm performance without sag- 
ging. packiog. or crumb!ing. This unique cell structure 
a!sa acccccts for CPR breihane's high strength and 
low dens::y (norm31 2 0 Ibs. per cubic foot). This 
ligh!r,ess cc-bned b\i!h the fa:t that less than half the 
t h l c i l e s j  is  zsual!y nceted fo: equal insulation value, 
means a savirg in s;xe and fec.er supports. CPR 
u-e!\a-e 1 5  :n insu!;-:,?g mstsrial that becomes a per. 
r ? r e - . :  ins!i"j:icn as it $as excellen! heJt and cherni. 
cal rcs,s!:-ct. a s  v.61 a s  resistance to rot: and since 
it h i s  nc 1 x 3  vali;e. I: 6zes not a:trzct fungi, termites. 
rclc-!s. e* irsec:s 65;r.g odorless. it is ideal for use 
in fc-3 ~ * : z i s s ~ r g  2-.$ s!o-age plants. CPR urethane 
i s  easy a r e  E : s P ~ : T , ~ c ~ :  :o icstall. Its solvent resistance 
a:!ot.s a ,sr 6 9  c h c h  ?! a:?c.sives. and i t  can be cut to 
any size cr sF:;-;e v..!:~ crdlna-y hand tools. 

Thlckncrr 
Equivalent 

K Factor  Height 
G ?5"F. f . i d v a l m n l  

Ce IdtarGIass 0 39 12.6 
(9 0 Pd) 

P o l y s t j r c n c  0.26 
Foam (2 0 1x9 

-. 

CPR E' 
Ure!-are Foam 0.14 
(2.0 PC9 

Cork (6 5 pcf) 0.27 6.2 

A s S e s : ~ s  Fiber 0.30 17.6 2.2 
(16.0 pc9 

a 

Figure 9 - Urethane Foam Conductivity 
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This material must be foamed in large buns from which the 
cone is cut.  This allows the cells to  open. A No. 422 
aluminum powder is added to  the basic  polyurethane mix  to 
create the open cell configuration. By varying the foaming 
agent (UCON ll),  the desired density is established. 
The formulation for this rigid open cell foam is as follows 
for a 10 #/cu. ft. density; 

Component Parts by Weiqht 

NiAX POLYOL T-221 100.0 
UCON 11 

L-5320 
TMBDA 
Aluminum No.  422 

15.0 

4.0 
0 .6  
l .Q 

NiA% AFPI 103.0 
Stannous Octoate 0.2 

If we assume the worst case of 20%, then 8 #/cu. f t .  
foam could be considered. By extrapolating from Figure 
9 ,  the k factor for this  material would be approximately: 

Btu -in 
hr- f t OF 

0.25 

and should cryopump to about one half this  value per 
Reference 4.  

This would give a k factor of: 
Btu-  in B t u - f t  

.13 hr-ft 'T F ( . O 1 1  hr-ft Lo F) 

This material will have a total  heat  leak of: 

Q = 148.2 X - *011 - - 1 0 1 . 2  .0147 

The following table summarizes the total  heat leak for the 
three insulators when encased in the 0.002 inch thick 
s ta inless  steel closure: 

Where: 

l2 + 100 - (-423) 7.0 X T  x 1o.ox .002 
q =  144  x1 
= 19 .1  Btu/hr 
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TABLE 111 

212.0 32.8 

Original Brown Engineering Unit SK 4053-3 (Figure 3) 

q = 329 BtU1h. r  at 1 ATM 
q = 330 Btu!hr a t  1 0  ATM 

r, 

In order to prevent interchanging the  LOX system insulation 
barriers with those i n  the hydrogen system during installation, 
a color code should be used.  
ing used i n  the A. D.  L i t t l e  block will  be colored green. The 
hydrogen system will be red. 

The existing porous teflon cover- 

7.1.3.3 Conclusion 

As can  be seen  from the  tabulated heat  l eaks  for the LO2 joint, 
th is  design concept will give heat  loss values  very c lose  to 
the 300 btu/ hr es tabl ished early in  the  program as  a design goal. 

The higher heat  leak values  for the liquid hydrogen system a r e  
t o  be expected due to the lower mean temperature. It a l so  be- 
comes obvious that  a sealed convection barrier must be used i n  
this system due to  the high conductivity of t h e  gaseous hydrogen. 

Due to  the original nature of the  hydrogen system convection 
barrier, it was  decided t o  file a patent application for this  design 
concept. The methods presented appear to be a s  unique as t h e  
barrier patented by Annin. 

7.1.4 Reliability Proqram 

The reliabil i ty numbers es tabl ished for th i s  unit are  summarized 
below: 
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7.1.4.1 

A. Preliminary Reliability Goal R =  ,9681 

B. Existing Hardware Reliability R =  .9231 

C .  State- of- the-Art Reliability R =  .9231 

(See Page 8). 

It was  determined that no difference existed between the 
hardware a t  Kennedy Space Center (existing hardware) and 
that  presently available (state-of-the-art) . Therefore, of 
necessi ty ,  the reliability figures are identical. 

D. Final Reliability Goal R =  .9787 
(From Paragraph 7.1.4.1)  

In order to  es tabl ish the reliability numbers for the bayonet, 
a unit quantity had to  be assumed. This was done by 
totaling the individual l ines in the existing system hardware, 
assuming this  total  to be representative of new systems 
quantities. 

Arm 1 Propellant 3 
Arm 4 Propellant LO2 4 

Arm 5 Vent 5 
Arm 6 Propellant 6 
Arm 7 Vent 

Arm 4 Propellant LH2 3 

5 
2 6  
- 

Based on failures reported (2) on the Conoseal joint, the 
existing hardware reliability is: 

- .9231 26-2 24  
2 6  2 6  

R = - =  - -  

Final Reliability Goal 

The b a s i s  for the Final Reliability Goal is the configuration 
shown in Drawing 8-030928. 

The assumed environmental and procedural prcblems I as 
indicated i n  the review of conditions and failures, were 
a s  follows: 

A. Assembly ease  
B. Handling abuse 
C .  G loads - vibration 
D. Heat due to b las t  
E .  Noise - blas t  
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F. Internal g a s  leakage 
G. Heat leak 
H. Flow loads 
I ,  Pressure loads 
'1. Static seal limitations 

The preliminary reliability goal i n  Section 7. I.. 5 anticipated 
resolution of all the above,potential failure modes except: 

A. 
B. Weld crack at chill-down 
C. Vibration 

Nose seal damage at assembly 

Based on present configuration and assuming successful  testing 
phase,  the failure potential of weld crack a t  chill-down and 
failure due to vibration should be  eliminated. Probability of 
damage at  assembly or during installation, although reduced, 
has  not been eliminated and is the  most likely failure mode. In 
addition, the possibility of failure due to  the combination of 
environmental stresses still exist (vibration, flow loads,  pres- 
sure loads,  noise-blast and heat) .  

Therefore , the  final reliability is: 
92 

94  9 4  
- -  R = -  94-2 - 

R = .9787 

7.1.5 Quality Assurance Program 

Even though th is  hardware is being developed on purely a research 
and development bas i s  , full  Quality Control will be  maintained. 
A l l  drawings are being made and released a s  required by MIL Speci- 
f ications.  Each part will be fully planned and all parts will be com- 
pletely traceable. A l l  manufactured parts and assemblies  will  be  
100% inspected by the  Straza Quality Control group. A l l  discrepancies 
will be  reviewed by Quality Control, Quality Assurance, and the  De- 
s ign Engineering groups. 

During'the tes t ing phase,  all tests will be witnessed by Straza 
Quality Control Inspectors and NASA personnel will be  notified 
within five days  of the test. 
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BAYONET JOINT - PHASE I1 TECHNICAL PROPOSAL 

During the  f i rs t  phase of th i s  program, the A.D. Little patented 
cryogenic coupling was  uncovered. 
proposing for th i s  study is based on th i s  concept (shown i n  
Fig. I of Patent 3,371,946). 

The design which we are 

The modification will be as follows: 

A.  Reduce I.D./O.D. ratio. 
B. Modify nose seal. 

C. 
D. 

Possible change i n  anti-conductive block material. 
Reduce cone length to simplify unit and make it 
compatible with the rotary joint envelope while still 
maintaining heat  leak equal to  the  existing bayonet 
design. 

Drawing 8-030928 shows this  modified joint i n  detai l .  

The design phase has  been brought t o  a sufficient point of 
completion t o  warrant parts procurement for Phase I1 testing. 

The heat  leak ana lys i s  a s  tabulated i n  Table I d I11 of the Phase I 
Technical Report shows very favorable comparisons of the new 
design joint  as  opposed to the original Brown Engineering design 
bayonet. The new joint cons is t s  of the following three basic 
parts: 
A. Single structural cone/cylinder where L = IR. This cone 

and cylinder a re  designed to  take the 285 PSI proof pres- 
sure  without t he  u s e  of reinforcing rings.  The cone is 
fabricated from Armco 21-6-9 s ta in less  steel which has a 
RY= 58 ksi .  The higher strength is required s ince  the  
cone is designed for high strain.  The cylinder is 316 
s t a in l e s s  steel s ince  its mode of failure is a function of 
its modulus E. 

B. Anti-convection block e Three different types of material 
will be tes ted i n  th i s  assembly to  determine effect  on 
heat  leak. These materials will be foamed teflon; open 
cell polyurethane foam and the CTL Dixie Fiber glass 
block. 
Nose seal to  prevent liquid short t o  cone cavity.  This 
seal will be LN2 chil led and shrunk into a thin aluminum 
band. This assembly is slipped i n  along with the foam 
block a t  l ine installation. 

C. 
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7 . 1 . 6 . 1  

7.1.6.2 

Test Plan 

One 6 inch joint and one 8 inch joint will be fabricated and 
tested.  These joints will be configured as shown in Drawing 
8-030928. A short convoluted section will be used as shown 
for thermal compensation of the inner to  outer line. One end 
will be constructed to facilitate bearing assembly for use in  
the rotary joint testing. The majority of the bayonet test will 
be performed with the rotary attached. This is described in  
the Rotary Joint Report, Sub-task IV, NASA Contract NAS 10- 
6098, Vacuum Jacketed Umbilical Lines Technology Advance- 
ment Study. 

The following functional test will be accomplished on each 
bayonet joint assembly prior to the final environmental tests 
covered in the rotary joint report. 

A. Leak-age: 1 X 10-4atm cc/sec maximum a s  measured 
in accordance with NASA Test #TCP V-26427 line 
leak check procedure. 

B. Pressure: 190 psig operating, 285 psig proof. 
C .  Heat  Leak: 300 Btu/hr maximum with line filled 

with LN2.  

Procurement P lan 

Since these joints will be manufactured entirely by AMETEK/ 
Straza, only the following materials will be procured outside: 

- Item - Size Quantity 
1. Weld neck flange 8 'I 2 
2 .  Weld neck flange 6 I' 2 
3.  Foamed Teflon Anti- 8 I' 2 

Convection Block 
4. CTL Dixie Anti- 8 'I 4 

Convection Block 6 4 

The above quantities will provide one complete flanged joint 
for the 6 inch s ize  and one for the 8 inch s i ze .  

The foamed teflon blocks will be the only long lead t i m e  
i t e m s .  The flanges will be ordered out of 316 s ta inless  steel 
in lieu of 3 1 6 L ,  since the L material is a long lead i t e m  and 
is not necessarily warranted for this type of program. 
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7.2 PHASE I1 PROGRAM 

The second phase of this program covering a period of nine 
months required the completion of the following tasks: 

A. 
B. 

C .  

Hardware and test fixture fabrication. 
Preparation of test procedures and procurement 
specifications.  
Preparation of the test report and the final program 
technical report. 

Fabrication of each test section as shown in Drawing 
8-030929 was  accomplished with few problems. Prelim- 
inary vacuum leakage check of one unit required re-welding 
of Item 4 to  Item 5 due to  cracks uncovered during the 
machining of the 9 inch diameter. 
checks showed this unit to  be leak tight. Photographs of 
the 6 inch and 8 inch units are included. 

Subsequent leakage 

On the following pages are shown the LO2 insulator blocks 
procured by the specification control Drawing 8-070033 
from the CTL Dixie Corporation. Considerable effort was  
required by CTL t o  re-establish the bake-out procedure 
used during the development of the Masoneilan coupling. 
This process is crit ical  to  the liquid oxygen compatibility 
of the material. 
MSFC , Huntsville, for LO compatibility testing. Results 

material was  suitable for this application. 

Samples of this material were sen t  to 

of the tests confirmed the %I asoneilan data ,  that  the 

The second insulator block developed for LO2 service was  
manufactured by Thermic Incorporated. This insulator was  
made of foamed teflon and purchased on a bes t  effort bas i s  
s ince no previous attempt had been made to  fabricate it 
into the cylindrical shape.  The protective teflon f i l m  
covering it had to  be removed to  facilitate installation. A 
photograph of this insulator is included e 

A sample of the foamed teflon was subjected to a thermal 
conductivity test a t  Convair. The results of these tests 
indicated that this material would have a heat  leak approx- 
imately twice that of the CTL material. A copy of this 
report N o .  ZZL-69-027, MA-572-1-681 is included in the 
Appendix. 

Of the three insulators discussed in the Phase I Report for 
the LH2 system, only the third one was  carried through to  
completion. Due to  a lack of t i m e  and funds, the foamed 
filled honeycomb insulator was carried only as far as fabri- 
cating the core. A photograph of this core is included. 
Had this unit been completed, it would look essent ia l ly  as 
shown in  Drawing 8-100100. 
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, . , .  

Over-all View 

6-Inch Cryogenic Coupling Half 
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8 Inch Cryogenic Coupling Half 
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Over-all View 

8 Inch Cryogenic Coupling Half 
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CTL Dixie LO2 Insulator 
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Thermic Disc, LO2 Insulator 
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AMETEK/Straza Honeycomb Insulator 
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MTEK/Straza Open-cell Polyurethane Insulator 
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LH2 Foil Covered Insulator 
LHz System Anticonvection Barrier Cone After 
Heat Leak And Operating Pressure Test 
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LHz Foil  Covered Insulator 
LH2 System Anti-Convection Barrier Cone After 
285 ps i  Proof Pressure 
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Since it was  desirable to have complete cryopumping of this 
insulator, only the open cell polyurethane was  investigated. 
Photographs of the foam core and the foil covered units are 
included. The first photograph of the foil covered insulator shows 
the effects of a leaking cover creating the bulged effect. This 
unit opened a weld seam during proof pressure. The second photo- 
graph shows the good unit with no leakage after proof pressure. 

In order to ensure a high level of cryopumping in the foam cavity, 
a gettering material of charcoal was placed at the cold wall .  
These getter packs can be seen  in the photograph of the good 
insulator where the foil cover was  depressed around each pack. 
The recess in the foam,  for placing the packs,  can be seen  in the 
photograph of the uncovered foam insulator. 

Considerable effort went into developing the open-celled polyure- 
thane foam. After investigating approximately 40 different mixes , 
a mixture was  developed which gave the desired properties. These 
are, an  8 to 1 0  lb/cu.ft density with open-cell rigid foam capable 
of withstanding 285 to  325 lbs .  per sq. in. compressive load. 

The following series of photographs show the equipment used to 
determine the compressive load capability of the foam, the foam 
evacuation equipment used to assist in opening the cells and 
several  samples of test specimens. 

It is expected that  some cells are broken by the force created by 
the pressure differential between the forming gas  and external low 
pressure (vacuum). Foam evaluation No. 1 was created by using 
the ingredients discussed in the LeRC Report (Ref .  9) on the fabri- 
cation of open-cell foam. The low crushing strength of 36 psi  was  
fa r  below the 300 ps i  desired.  Foam evaluation No. 2 was  made 
with an  adjustment in the  UCON 11 (Freon) foam blowing agent 
from 15 grams down to 13 grams. The strength improved and for an  
unknown reason, the density dropped but the resultant product was 
not usable.  Foam evaluation No.  3 made further adjustment in the 
freon, but strength was still only 1/5 the desired value. By cutting 
back the L5320 to 1 gram, foam evaluation No.  4 approached the 
desired strength, but with an  inadequate degree of open cells. 
Foam evaluations No.  4 through No.  1 2  and No. 20 are further 
a t tempts  to develop the desired open-celled foam with a 300 ps i  
minimum. A l l  these attempts m e t  with failure due to insufficient 
open cell indications. Mos t  tests yielded samples of inadequate 
strength as well .  The final process, No.  40 ,  was discovered by 
AMETEK/Straza's Materials and Processes Manager, Mr. L. Russell, 
who had been supporting this  project on a consulting bas is .  The 
combination of materials form a foam of the desired strength that 
is truly open-celled. 
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Compression Apparatus Used During Foam Evaluation 
Compressing Test Apparatus 
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Vacw mmrp Apparatus 
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Material 

KSC STUDY 
FOAM EVALUATION NO. 1 

CONSTITUENTS PROCESS 

T-221 
L 5320 
TMBDA 

AI, #422 

STAN. OCT 
UCON 11 

NI AX AFPI 

Weight (gms) 

100.0 

Cure T ime  (hrs) 4 

Foamed in Vacuum: 
N o  X 

4.0 
0.6 Y e s  ( in .  Hg) 

RESULTS 1 . 0  

0.4 

15.0 
4.08 Density (lb/ft3) 

Compressive 
103 .0  Strength (ps i )  36 

General View 

PHOTOGRAPHS OF SAMPLE 

1 OX Magnification 

Foam Evaluation No. 1 
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Material 

KSC STUDY 
FOAM EVALUATION NO. 2 

CONSTITUENTS PROCESS 

T-221 
L 5320 
TMBDA 
AL #422 
STAN. OCT 
UCON 11 

NI AX AFPI 

Weight (gms) Cure Time (hrs) 4 

100.0 

3 .0  
0.6 

Foamed in  Vacuum: 
X. N o  

Yes (in.  Hg) 

1 . 0  

0.4 
13.0 

103.0 

RESULTS 

Density (lb/ft3) 3.9 

Compressive 
Strength (psi)  56 

PHOTOGRAPHS OF SAMPLE 

General View 1 OX Magnification 

Foam Evaluation No. 2 
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Material  

KSC STUDY 

FOAM EVALUATION NO. 3 

CONSTITUENTS PROCESS 

Weight (gms) Cure T i m e  (hrs) 4 

T-221 
L 5320 

TMBDA 
AL #422 

STAN. OCT 
UCON 11 

NI AX AFPI 

100.0 

2.0 

Foamed in  Vacuum: 
X N o  

0 .6  Yes ( in .  Hg) 

1 . 0  

0 . 4  
1 0 . 0  

103 .0  

RESULTS 

Densi ty  (lb/ft3) 3 .65  

Compressive 
Strength (ps i )  60 

PHOTOGRAPHS OF SAMPLE 

General  View 1 OX Magnif icat ion 

Foam Evaluation No. 3 
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Material 

CONS TIT UEN TS 

T-221 
L 5320 

TMBDA 
AI., #422 

STAN. OCT 
UCON 11 
NI AX AFPI 

KSC STUDY 
FOAM EVALUATION NO. 4 

Weight (gms) 

100 .0  

1 .0  
0.6 
1 . 0  
0 .4  

10.0 

103.0 

General View 

PROCESS 

Cure T i m e  (hrs) 4 

Foamed in  Vacuum: 
No X 

Y e s  ( in.  Hg) 

RESULTS 

Density (lb/ft3) 8 .4  

Compressive 
Strength (psi)  280 

PHOTOGRAPHS OF SAMPLE 

1 OX Magnification 

/ 

Foam Evaluation No. 4 
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KSC STUDY 

Mater ia l  

CONSTITUENTS 

T-221 
L 5320 

TMBDA 
AL #422 

STAN. OCT 
UCON 11 

NI AX AFPI 

FOAM EVALUATION NO. 5 

Weight (gms) 

100.0 

0.5  
0.6 
1 . 0  

0 . 4  
1 0 . 0  

103.0 

General  View 

PROCESS 

Cure T i m e  (hrs) 4 

Foamed in  Vacuum: 
N o  X 

Yes ( in .  Hg) 

RESULTS 

Dens i ty  (lb/ft3) 5.59 

Compressive 
Strength (ps i )  182 

PHOTOGRAPHS OF SAMPLE 

1 OX Maunification 

Foam Evaluation No. 5 
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Material  

T-221 
L 5320 

CONSTITUENTS 

KSC STUDY 
FOAM EVALUATION NO. 6 

Weight (gms) 

200 

1 TMBDA 
AL #422 

STAN. OCT 
UCON 11 

NI AX AFPI 206 

General  View 

PROCESS 

Cure T ime  (hrs) 0,75 

Foamed in  Vacuum: 

N o  

Yes ( in .  Hg) 

RESULTS 

1 4  

Dens i ty  (1b/ft3) 37.5 

4600 
C ompre s s ive  
Strength (ps i )  

PHOTOGRAPHS OF SAMPLE 

1OX Maqnif icat ion 

Foam Evaluation No. 6 
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Material  

T-221 
L 5320 

TMBDA 

AL #422 

KSC STUDY 

FOAM EVALUATION N O .  7 

CONSTITUENTS 

Weight ( g m s )  

STAN. OCT 
UCON 11 

NI AX AFPI 

200 

206 

General  View 

PROCESS 

Cure T ime  (hrs)  4 

Foamed i n  Vacuum: 

N o  
Yes ( in .  Hg) 28 

RESULTS 

Dens i ty  (lb/ft3) 7 .1  

505 
Compressive 
Strength (ps i )  

PHOTOGRAPHS OF SAMPLE 

1 OX Magnif icat ion 

Foam Evaluation No. 7 
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Material 

KSC STUDY 

FOAM EVALUATION NO, 8 

CONS TIT UENTS PROCESS 

T-221 
L 5320 

TMBDA 

AL #422 

STAN. OCT 
UCON 11 
NI AX AFPI 

Weight ( g m s )  

200 

206 

General View 

Cure T ime  (hrs) 4 

Foamed in Vacuum: 

No 

Yes (in.  Hg) 21.5 

RESULTS 

Density (lb/ft3) 1 7 . 2  

PHOTOGRAPHS OF SAMPLE 

1260 
Compressive 
Strength (psi)  

1 OX Magnification 

Foam Evaluation No. 8 
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Material 

KSC STUDY 
FOAM EVALUATION NO. 9 

CONSTITUENTS PROCESS 

T-221 
L 5320 
TMBDA 
AL #422 

STAN, OCT 
UCON 11 

NI AX AFPI 

Weight (gms) 

200 

20 6 

Cure T ime  (hrs) 4 

Foamed in Vacuum: 

No 
Y e s  ( in.  Hg) 28 

RESULTS 

Density (lb/ft3) 5 . 4  

188 
Compressive 
Strength (psi) 

PHOTOGRAPHS OF SAMPLE 

General View 1 OX Magnification 

Foam Evaluation No. 9 
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Material 

CONSTITUENTS 

KSC STUDY 
FOAM EVALUATION NO e 1 0  

Weight (gms) 

T-221 1 0 0  

L 5320 

TMBDA 
AL #422 

STAN. OCT 
UCON 11 
N I  AX AFPI 103 

General View 

PROCESS 

Cure T ime  (hrs) 0 .75 

Foamed in  Vacuum: 

No 
Yes (in.  Hg) 27 

RESULTS 

Density (lb/ft3) 8 .26  

152 
Compressive 
Strength (psi)  

PHOTOGRAPHS OF SAMPLE 

1 OX Magnification 

Foam Evaluation No. 10 
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Material 

CONSTITUENTS 

T-221 
L 5320 

TMBDA 
AL #422 

STAN. OCT 
UCON 11 

NI AX AFPI 

KSC STUDY 

FOAM EVALUATION NO. 1 1  

Weight (gms) 

100 .0  
1 . 0  
0 . 6  
1 . 5  
0 . 2  

10 .0  
103 .0  

PROCESS 

Cure T i m e  (hrs) 4 

Foamed in Vacuum: 
No X. 

Yes ( in .  Hg) 

RESULTS 

Density (lb/ft ’) 

Compressive 
Strength (ps i )  

6.55 

PHOTOGRAPHS OF SAMPLE 

General View 1OX Magnification 

20 5 

Foam Evaluation No. 11 
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Material  

KSC STUDY 
FOAM EVALUATION NO. 1 2  

CONSTITUENTS PROCESS 

Weight (gms)  Cure T ime  (hrs) 4 

T-221 
L 5320 

TMBDA 
AL #422 

STAN. OCT 
UCON 11 
NI AX AFPI 

100.0 
1.5 

Foamed in  Vacuum: 
NO x 

0.6 Y e s  ( in .  Hg) 

1 . 0  

0 .2  
13 .0  

103 .0  

RESULTS 

Dens i ty  (lb/ft3) 7 . 6  

23 5 
Compressive 
Strength (ps i )  

PHOTOGRAPHS OF SAMPLE 

General  View 1OX Magnification 

Foam Evaluation No. 12 
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Material  

KSC STUDY 

FOAM EVALUATION NO. 20 

CONSTITUENTS PROCESS 

Weight  (gms) Cure T ime  (hrs) 4 

T-221 
L 5320 

TMBDA 

AL #422 

STAN. OCT 
UCON 11 

NI AX AFPI 

100.00 

1 .25  
------ 

Foamed in  Vacuum: 
N o  x 

Yes ( in .  Hg) 

RESULTS 2.00 

0.20 

9 .oo 
103.00 

Densi ty  (lb/ft3) 1 0 . 3  

Compressive 
Strength (ps i )  3 15 

General  View 

PHOTOGRAPHS OF SAMPLE 

1 OX Maanif icat ion 

Foam Evaluation No. 20 
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KSC STUDY 

FOAM EVALUATION NO. 40 

CONSTITUENTS PRO CESS 

-- M a t  rial Weight  (gms)  

47 .38  
0 .21  TMBDA 
0.09  STAN. OCT 

NI AX AFPI 51 .20  
0 .60  

Premix TMBDA & STAN, OCT v i th  T-221.  
Premix *Mixture  wi th  NI AX AFPI. 
Ma te r i a l  p l aced  i n  vacuum chamber  after 

Cured 30 minutes  i n  vacuum of 200 microns .  

RESULTS 

T-221 c 

it h a s  "set hard"  and  wh i l e  still hot .  

*MIXTURE 

D e n s i t y  (lb/ft3) 8 . 3  
*MIXTURE c o n s i s t s  of 4070 HZO,  

4070 MEK, 20% ETH. AL. 
Compress ive  
Strength (ps i )  295 - 325  

PHOTOGRAPHS OF SAMPLE 

Genera l  View L 1 OX Magni f ica t ion  

Diffused Lighting 

S ide  Lighting 

Foam Evaluation No. 40 
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The final task required to  complete the development of the 
LH2 system insulator was the 0.002 inch thick s ta in less  
steel foil cover. In order t o  determine the leak t ightness 
of the cover, a sample was  constructed as shown in the 
accompanying photograph (Page 81). This unit was evac- 
uated through the stand pipe and mass spectrometer leak 
checked. The results proved the manufacturability of this 
design to  be compatible with present seam welding methods. 

The aluminum band restrained Tek-Seal used for the liquid 
nose sea l ,  performed satisfactorily.  Only one modification 
was  required as a result  of the origirral pressure checks.  
During this test the s e a l  was sufficiently gas  tight to  pre- 
vent pressurization into the insulator cavity. Since this 
s ea l  is meant to ac t  only a s  a liquid seal, similar to the 
existing bayonet nose seal, four (4) 0.032 inch diameter 
holes were drilled around the outside. Pressurization of 
this cavity is checked by placing a gage in the flange port 
shown on I t e m  #2 of drawing 8-030928. In order to  check 
for adequate flow through the four small holes ,  the gage 
was monitored during rapid l ine  pressurization to insure 
that the cavity pressure was always equal t o  the line 
pressure. 
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LH2 System Insulator fo r  Test Specimen 
LH2 System 0 ,002  In. Thick Stainless Steel Foil 
Weld Test Specimen 
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7 . 2 . 1  Test Report 

The primary task of the second phase of this program was 
to complete testing on each of the bayonet test sections 
and their associated LO2 and LH system insulators. 
This report is presented on the fo I .  lowing pages. 

7 . 2 . i . i  Introduction 

The resul ts  of the Design Verification Tests performed on 
two (2) bayonet joints developed under Task VI1 of the 
”Vacuum Jacketed Umbilical Lines Technology Advancement 
Program” are presented herein. 

This coupling method provides a single-plane assembly, 
low hea t  leak joint compatible with both liquid oxygen and 
liquid hydrogen vacuum jacketed piping systems. Both 
the 6 inch and 8 inch s i ze  couplings tes ted displayed heat  
leaks well  within the design goal for LO2 and LH2 systems. 

The following tests were conducted in the order shown: 

A, Func tiona 1 
Leakage 
Pres sure 
Heat Leak 

B. Sand and Dust 
C .  Salt  Fog 
D. Vibration 

‘1 

7.2.1.2 Scope 

This report presents tests that were performed to  determine 
the ability of the coupling to sat isfy functional and 
environmental requirements established during the first 
phase of this  program. The procedure followed in conduc- 
ting the tests, and the data obtained from them, are 
presented. Two (2) units were tes ted.  

7.2.1.3 Item Description 

These units consisted of two (2) 4 foot long vacuum 
jacketed pipe sections constructed as shown on Drawing 
8-030928 and 8-030929. 
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The main difference between this joint and the unit 
developed by Masoneilan (see Phase I Technical Report) 
is the shorter cone assembly. This simplified the design 
in that the stiffening rings were not required on the inner 
s t ee l  cylinder of the anti-convection barrier cavity. I t  
a l s o  provided a larger radial gap in the existing envelope 
to  minimize conduction heat l o s ses  through the insulator. 
This design uses  a cone length to  inside pipe diameters 
ratio of 0 .6  as compared to  the Masoneilan units of 1.0. 

Two new insulators were developed by AMETEK/Straza and 
tes ted along with the original fiberglass unit used by 
Masoneilan and manufactured by CTL Dixie Corporation of 
Cincinnati, Ohio. For liquid oxygen systems,  the two 
insulators are: 

A. 

B. 

Silicone-bonded fiberglass developed and manufac- 
tured by CTL Dixie. 
Open cell foamed teflon developed and manufactured 
by Thermic, Incorporated, Los Angele s , California. 

For the liquid hydrogen system one new concept was  tested.  
This consisted of vacuum-sealing open celled polyurethane 
foam in a s ta in less  steel foil covering to  minimize heat 
l o s ses  created by the highly conductive hydrogen gas  in 
the insulator cavity. 

7.2.1.4 Ap p lic a ble Do cu m e n t s 

The following documents form a part of this  test report t o  
the extent specified herein. 

AMETEK/Straza Vacuum Jacketed Umbilical Lines Technology 
Advancement Program - Final Report Task VII, Bayonet Joint - 
Contract N o .  NAS-10-6098. 

AMETEK/Straza Design Verification Test Procedure , 
Bayonet Joint N o .  8-480089, dated 5/13/69 

KSC-STD- 164D Environmental Test Methods for 
Ground Support Equipment Installations a t  Cape 
Kennedy 

NASA Test No. TCP-V-26427 Line Leak Test 
Procedure. 

AMETEK/Straza Design Verification Test Procedure , 
Rotary Joint No. 8-480086, dated 5/13/69. 
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AMETEK/Straza Vacuum Jacketed Umbilical Lines 
Technology Advancement Program - Final Report 
Task IV,  Rotary Joint - Contract No. NAS 10-6098. 

7.2.1.5 Test Performed 

Unless otherwise specified herein, all general requirements 
of KSC-STD-164D apply to tests described in this document, 
In all instances i n  which KSC-STD-164D is in conflict with 
this  document, statements herein sha l l  take precedence. 
At the conclusion of each environmental test, the test i t e m  
sha l l  be visually inspected for s igns of damage and deterior- 
ation. 

Unless otherwise specified,  the test i t e m  shal l  be installed 
in the test facility in  a manner that will simulate service 
usage.  Al l  test i t e m s  will be subjected to a l l  tests described 
in this  document unless  otherwise specified. 

7.2.1.5.1 Functional Test 

Test Requirements 

The test requirements specified that prior to  environmental 
tes t ing,  each  test i t e m  to be subjected to  the following 
tests: 

Le akaqe 

Pressure - Operating 

Pressure - Proof 

Heat Leak 

Using a helium m a s s  spectrometer 
leak test a pin hole in the tape . 

covered flange, the leak rate sha l l  
not exceed 1 X 
The test i t e m  sha l l  not deform when 
subjected to  190 psig internal pres- 
sure for five minutes. 
The test i t e m  shal l  not deform when 
subjected to 285 psig internal pres- 
sure for five minutes. 
The 8 inch test i t e m  sha l l  meet the 
design heat leak goal of 300 Btu/hr 
for LO2 systems.  The heat leak for 
the 6 inch LO 

comparison with the calculated 
data. 

a t m  cc/sec. 

system and the 8 inch 
LH2 system s & all be recorded for 
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Test Procedure 

The following tests were performed on each test i t e m .  

Leakage - The leakage test was conducted in accordance with 
NASA Test No. TCP-V-26427, Leak Line Test Procedure. The test 
i t e m  was installed in the test setup a s  shown in Figure 1. 

The test i t e m  was pressurized to 50 +O/-10 psig with helium gas .  
A l l  flanges were taped and punctured with a pin hole at the  top of 
the flange. The t i m e  between the taping operation and the leak 
test was kept to a minimum to prevent a collection of helium under 
the taped area.  

Using a helium m a s s .  spectrometer leak test a t  the pin hole and at 
all s tuds a t  each flange, the leak rate was recorded. 

The tape was  removed from all flanges and all bosses ,  s tuds and 
fittings were leak tes ted with soap solution. 

Pressure - Operating - The test i t e m  was installed in the test 
setup as shown in  Figure 2 .  The test i t e m  was  pressurized at 
190 +O/-10 psig with nitrogen gas and that pressure maintained for 
five minutes, After five minutes, the pressure was reduced to 
0 psig. The test i t e m  was visually inspected for deformation or 
other defects as a resul t  of the test. 

Pressure - Proof - The test i t e m  was installed in the test setup 
a s  shown in  Figure 2 .  The test i t e m  was pressurized to  285 +O/-20 
psig with nitrogen gas  and that pressure maintained for five minutes. 
After five minutes, the pressure was reduced to 0 psig. The test 
i t e m  was  visually inspected for deformation or other defects  as a 
result  of the test. Particular attention was given to the cylinder/ 
cone area after removal and inspection of the anti-convection blocks. 

Heat Leak - The test i t e m  was  installed in a test setup a s  shown 
in Figure 3 .  The test i t e m  was  filled with LN2 until it was stabil ized. 
The heat leak was  determined by LN2 boil-off over a four-hour period. 
A totalizing flow meter was used to  determine the GN2 loss. 

A potentiometer was  used to  determine GN2 temperature. One hour 
after the test i t e m  had stabil ized, and each hour thereafter for the 
duration of the t e s t ,  the GN2 loss, GN2 temperature and barometric 
pressure were recorded. The gas loss was corrected to  standard 
pressure and temperature. Applicable conversion calculations were 
made to determine the heat leak in terms of Btu/hr for LO2 
temperatures e 
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6 Inch Bayonet Jo in t  Flange Leak Test 
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Heat Leak Test Set-up 

Page 92 

8 Inch Unit 



Tare Heat Leak Test 8 Inch Unit 
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Test Results 

Leakage - The internal pressure of the test i t e m  during the leak 
test was  recorded. The leak rate  of the flange and the flange 
s tuds ,  a s  determined by the mass spectrometer, were recorded. 
There was  no detectable leakage at the flange joint ,  The leak 
test setup with the test i t e m  in the test position was photographed. 

Operating Pressure - The operating pressure and duration of the 
test was  recorded. There was  no deformation or defects as a 
result  of the test. 

Proof Pressure - The proof pressure and duration of the test were 
recorded. There was  no deformation or defects as a resul t  of the 
test. 

Heat Leak - In order to  compare the actual heat  leak with the 
calculated heat  leak ,  the recorded values were corrected as follows: 
For the LO2 System: 

[ Test i t em ambient temperature (+loo"  F) - liquid oxygen 
temperature (-297)] + [Average test i t e m  temperature as 
measured on top and on b o t t o m  - liquid nitrogen temperature (-32O)l 
x heat  leak. 
Example (for 6-inch unit) 

100 - (-297) 174.3 = 397 x 174.3 = 168 Btu/hr 93 - (-320) 413 

Tare leak = 397 x 24.6 = 23.7 Btu/hr 

Total joint heat leak = 168 - 23.7 = 144.3 Btu/hr 

A separate heat  leak test was run on the 6-inch unit with the CTL 
insulators removed, This was  done to determine the convection 
losses and full effect of the insulator. The resul ts  gave a heat  
leak of 262 Btu/hr as compared with the original test of 174.3 Btu/hr. 

Correcting th i s  new value for unit temperature and E 0 2  service gave 

x 262 = 252 Btu/hr 

Total heat leak = 252 - 23.7 = 228.3 Btu/hr 

The convection heat leak through the gas space  = 

228.3 - 144 = 84.3 Btu/hr 
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For the LH2 system this  test w a s  performed only on the 8-inch 
joint  using only one type insulator. The resul ts  are as  follows: 

Heat leak corrected for test i t e m  ambient x heat leak - tare 
heat  leak: 

0.0761 lb/min x 85.7 Btu/lb x 60 min/hr = 392 Btu/hr 

Tare heat  leak for 8-inch unit 

88 Btu/hr x 100 4 1  = 88 x 0.946 = 83 Btu/hr 

392 x loo 77 - - (-320 (-29:) = 392 x 1 = 392 Btu/hr 

Total heat  leak 

392 - 83 = 309 Btu/hr 

Correcting for thermal conductivity was  accomplished as follows: 

CK, T - Thermal Conductivity x Temperature Difference for LH2 1 -t- 

[KT for LO21 x Heat Leak 

For LH2 system, total heat  leak = 

- 3 0 * 4  x 309 = 344 Btu/hr 
27.3 

There was no accurate way to determine the  level  of CO2 cryopumping 
within the foil enclosure.  This value must be  considered conserva- 
t ive s ince  LH2 wil l  cryopump to very high level as compared to the 
LN2 used in th i s  test. 

TEST DATA 

The data shee ts  for the 6-inch and 8-inch bayonets are  presented on 
the following pages.  

The following Table I summarizes the corrected measured heat  leak 
values  and compares them with the calculated da ta .  
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Insulator 

CTL Dixie 
CTL Dixie 
Foam Teflon 
Foam Teflon 
Original Design 
Open Cell Foam 
Polyurethane 

Line 
Size 
(.In . ) 

LO2 System 

Calculated 

238 

315 

204 
25 1 

238 

--- 

Actual 

1 4 4  

227 
--- 
2 8 3  

--- 

LH2 System 

Calculated Actual 

A s  can  be seen ,  the LO2 system insulators m e t  the 300 Btu/hr design 
goal with only the foamed teflon having a higher measured heat leak 
than the calculated value. 
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DESIGDJ VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Leakage Date of Test 16  October 1969 

Part Name Bayonet Joint - 6 Inch Part # 8-030936 

Test Procedure 8-480083 (Para 5.2.2.1) Part S/N N/A 

Test Pressure--SO Ps ig  Remarks 

Test Media Helium N o  detectable leakage at Flange 

Duration of Test N/A Joint. The two t e s t  i t e m s  were 

joined for this  t e s t .  

Test Technician /s/ L,. Mc Knight 

Te s t Cng ine er / s /  K .  C , Mursinna-. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Leakage Date of Test 15 September 1969 

Part N a m e  Bayonet Joint - 8 Inch Part # 8-030928 

Test S/N N/A 

Test  Pressure 50 PSig Remarks 

Test Media Helium N o  detectable  leakage at Flange Joint. 
i 

Dura tion of Test N/A The two test i t ems  were joined for 

this test. 

Test Technician--_L's/ c e Geller 

Test EnGineer /s/ R.  C .  Mursinna 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Operating Pres sure Date of Test 23 October 1969 

Part N a m e  Bayonet Joint - 6 Inch Part # 8-030936 

Test 

Test 

Test 

Procedure 8-480089 (Para 5.2.2.2) Part S/N -- 

Pressure 190 Psig Remarks 

Media GN, N o  vis ible  damage or deformation. 

Duration of Tesl? minutes The two test i t e m s  were joined for 

th i s  t e s t .  

Test Technician /s( L. Mc Knight 

Test Engineer / s /  R .  C .  Mursinna 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Operating Pres sure  Date of Test 15 September 1969 

Part N a m e  Bayonet Joint - 8 Inch Part # 8-030928 

Test 

Test 

Test 

Procedure 8-480089 (Para 5.2.2.2) Part S/N -- 

Pressure 190 Psig Remarks 

Media GN2 N o  visible damage or deformation. 

Duration of Test minutes The two test i t e m s  were joined for 

this test. 

Test Technician /s/ c .  Geller 

Test Engineer / s /  R.  C .  Mursinna 

Test Technician /s/ c .  Geller 

Test Engineer / s /  R.  C .  Mursinna 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

8-03093 6 Part N a m e  Bayonet Joint - 6 Inch Part # 

Part S/N -- Test Procedure 8-480089 (Para 5.2.2.2) 

Test Pre s sure  285 psig Remarks 

No vis ib le  damage or deformation. Test Media GNZ 

5 minutes The two test i t e m s  were joined for Duration of Test 

-.I_ 

Test Techn ic i an  /s/ L. Mc Knight 

Test Engineer / s /  R .  C .  Murs inna  
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

w p e  of Test Proof Pressure Date of Test 15 September 1969 

PaTrt 

Test 

Test 

Test  

Name Bayonet Joint - 8 Inch Part # 8-030928 

-- Procedure 8-480089 (Para 5.2.2.2) Part S/N 

Remarks 

GN, N o  visible damage or deformation. Media 

Duration of Test 5 minutes The two test i t e m s  were joined for 

this test. .., . 

Test Technician / s /  c .  Geller 

Te s t Engine er  / s /  R .  C .  Mursinna 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test-  H e a t  Leak D a t e  of T e s t  27 October 1969 

Part  Name Bayonet  - 6 "  U n i t  Par t  Number 8-030936 - 
T e s t  Procedure 8-440089 (Para 5 .2 .2 .3 )  Pa r t  S e r i a l  Number 

B.O. = Boil off rate 

Time GN2 Loss 

Cu Ft  
1 1 : O O  .44 M i n  

Cu Ft  
12:oo 

I--- 
C u  F t  

L O O  1.40 Min 

Cu F t  
2:oo 1.40  in 

I I .40 Min  

Barometric 
Pres s u r e  GN2 Temp Remarks 

- 71°F U n i t  Temp Top 71zF 
V = 13.835 29 .87  U n i t  Temp Bottom 73 F 
B . 0 . = . 0 3 l4#/mi:i Box Avg . Temp. /m 

8OoF 

I 

8OoF I I Uni t  Temp Top 9 6OF 
v -  14.073 I 29.87  Un i t  Temp Bottom 98OF 
B.O.= .0352#/mi Box Avg Temp 85OF 

Uni t  Temp Top 100°F 
TT= 1 4 . 0 7 3  Un i t  Temp Bottom 89OF 

I B.O. = .0352 
#/Min 

90°F I Box Avg Temp 

Average B .O. = .0339 

Tota l  H.L. = .0339 X 84 .7  X 60 = 174.3  Btu/Hr 
T e s t  Technic ian  /s/ C . s e l l e r  -- T e s t  Cngirieer /s/ R. C . Murs inna  
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type  of T e s t  H e a t  Leak - Tare D a t e  of T e s t  30  Oc tobe r  1969 

Part Name Bayonet  6" (1/2 Unit) Par t  Number 8-030936 

T e s t  Procedure  8-440089, Para 5 .2 .2 .3  Part  Serial Number -- 

Time GNZ Loss 

1o:oo .09  

11:oo . 0 7  

12:oo .07  

-+- 1:oo 

I 
2:oo 2 

I 

Average Boil Off - .00477 

I Barometric 
Pres  sure GN2 Temp Remarks  

I I 
I I 

98OF 29.93 I 

101  
V = 14.65 Ft'/$ 
- 29.83  I 

101  
V =  14 .65  

29.75 

__+______ 
I 
I I 

1 0 1  29.75 
V -  14.65  
- 

Tota l  H .  L. - .00477 X 85.7 X 60 = 24.6  Btu/Hr 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Time 

1 l:oo 

12:oo 

l :oo 

2:oo - 

3 : O O  

Type of T e s t  H e a t  Leak Date of T e s t  19 September  1969 

Part  Name Bayonet w i t h  CTL Dix ie  Par t  Number 8-030928 
Insu la to r  , 8 i n c h  

T e s t  Procedure 8-44089, Para  5 .2 .2 .3  Par t  S e r i a l  Number -- 

GN2 Loss  

. 83  CuFt/Min 

.84  CuFt/Min 

.8 6 CuFt/Min 

.88 C u  Ft/Min 

.85 C u  Ft/Min 

GNZ Temp 

6 4OF cu ft - 
V =  13 .655  # 
B.O.= .06@8#/mj 

- 73OF 
V =  13.885 
B.O. = .0605 

- 79OF 
V =  14 .055  
B,O. = .0612 

- 8OoF 
V =  14 .073  
B.O. = .0625 

78OF 
V -  14 .021  
B.O. = .0606 

Barometric 
P res  s u r e  

29 .86  

29 .86  

29 .85  

29.82 

Average B .O . = e 061 1 #/min 

Tota l  H e a t  Leak = .0611 X 85 .7  X 60 = 314 Btu/Hr 

Remarks 

Un i t  Temp Top = 85OF 
Uni t  Temp Bottom 65OF 
Box Avg Temp 66OF 

Uni t  Temp Top 89OF 
U n i t  TemD Bottom 69OF 
Box Avg Temp 72OF 

Unit  Temp Top 92OF 
Uni t  Temp Bottom 72OF 
Box Avg Temp 83OF 

Uni t  Temp Top 98OF 
U n i t  Temp Bottom 77OF 
Box Avg Temp 82OF 

Uni t  Temp Top 10l°F 
Un i t  Temp Bottom 8OoF 
Box Avg Temp 82OF 

T e s t  Techn ic i an  /S/ L e  M c  Knight T e s t  Engineer  /s/ R .  C . Murs inna  - 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

~ ~ l j ~  of Test Heat  Leak - LH2 Cones Date of Test 22  September 1969 

Part N a m e  Bayonet - 8 Inch Part Number 8-030928 

-- Test Procedure 8-440089 I para e e 0 Part Serial Number 

Time 

1o:oo 

11:oo 

12:oo 

1:oo 

2:00* 

3:OO 

3:30* 

G N Z  Loss 

i .05 Cu Ft/min 

i .04 Cu Ft/Min 

1.05 Cu Ft/min 

1.06 Cu Ft/min 

lverage Boiloff = 
?ressurize line wi 

.38 CFM 

1.50 Cu Ft/Min 

1 e 18 Cu Ft/Min 

Barometric 
Pres sure  GNZ Temp Remarks 

- 67OF Unit Temp Top 86OF 
V =  13.732 29.95 Unit Temp Bottom 650F 
B.O.= .0766#/mi Box Avg Temp 67°F 

Unit Temp Top 

I -  - 

93OF 
Unit Temp Top 9 7°F 
Unit TemD Bottom 53OF 

I BoxAvg Temp 

~ 

75OF 

55OF Unit Temp Top 9 6OF 
V = 13.415 Unit - Temp Bottom 58OF 
- 

I Box Avg Temp 82OF 

7OoF 
V =  13.811 
- 96°F 

58OF I 29.90 ' I Unit Unit Temp Temp Bottom Top 
82OF I Temp 

B.O.= .0855#/rni~ 

*This reading is N/G due to lack of accurate pressure stabil ization during 
leakage measurement. 
**Reading taken after pressurization of line to 190 psig.  
leak after. this  test accounting for higher boil off e )  

(One of 2 cones had 

Test Technician /s/ L. Mc Knisht _. Test Engineer /s/ R,C. Mursinna 
Page 106 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Heat  Leak (LO, Y Foam Tef1on)Date of Test 23 September 1969 

Part Name Bayonet - 8 Inch Part Number 8-030928 

Test Procedure 8-440089, Par'a 5 .2 .2 .3  Part Ser ia l  Number --- 

GN2 Loss 

1 11 C u  Ft/min 

1.04 C u  Ft/min - 

1.05 Cu Ft/min 

I 

Barometric 
Pres  s u r e  GNZ Temp I Remarks 

- 
Unit Temp Top 112OF 

76OF 29.92 Unit Temp Bottom 84OF 
V = 13.968 cu f t  Box Avg Temp 8 7'F 
B.O. = .0795 #/riin 

- 

Average Boil Off .0752 #/min 
.0752 X 85.7 X 60 = 385 Btu/hr 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of T e s t  H e a t  Leak - Tare Da te  of T e s t  25 September 1969 

Part  Name Bayonet 8inch (1/2 Uni t )  Part N.&nber 8-030929 

--- Test Procedure 8-440089 Para 5 0 2  o 2 e 3 Part Se r i a l  Number 

GN2 Loss 

.25 C u  Ft/min 

.25 Cu Ft/min 

e 25 C u  Ft/min 

GNZ Temp 

9 6OF - 
V = 14.418 c u  f t  
B.O.= .0173 #/rr 

98'F 
- 
V =  14.500 

98OF - 
V =  14.500 

Barometric 
Pres  s u r e  Remarks 

29.80 Tube Temp 100°F 

I nin 
1 

29.75 I I 

Average B .O e = e 01 72 #/min 
Total Tare H e a t  Leak = .0172 X 85.7 X 60 = 8 8  Btu/Hr 

Test Tecnnician /S/ Le M c  Knight Test Engineer /S/ R. c a Mursinna 
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7.2.1.5.2 Sand and Dust Test 

Test Requirements 

The Sand and Dust Test was conducted as the first of the 
environmental tests. The test plan s ta ted that the test 
i t e m  be connected to  and tes ted in conjunction with the 
rotary joint (Reference Paragraph 7 .1 .6 .1 ) .  Due to an 
overrun in funds caused by unanticipated testing required 
on the 8 inch rotary, the 6 inch bayonet test i t e m  was  not 
subjected t o  the environmental tests. 

Test Procedure 
The test was  conducted in accordance with Section 16  of 
KSC-STD-164D. The test i t e m  was  placed in  the test 
chamber in accordance with Paragraph 4.4.1 of KSC-STD- 
164D. The test i t e m  was  exposed to a sand and dust  
environmental test for two (2) hours at 77*ZoF with a sand 
to air  ratio of 0 .1  t o  0.25 grams per cu.  f t .  and with an air 
velocity of from 100  to 500 ft/min. 

The temperature w a s  then raised to 160 *Z0F under the same 
test conditions for two (2) hours. A t  the conclusion of the 
Sand and Dust Test, the test i t e m  w a s  returned to room 
ambient conditions . 
The test chamber ambient temperature was continuously 
recorded. The sand to  air  ratio was  measured a t  the 
beginning and conclusion of the test and every two (2) 
hours during the test. The test i t e m  was  photographed at 
the conclusion of the test. A rotary joint functional test 
was  performed a s  specified in Paragraph 5.3 of 8-480086 
at the conclusion of this test. This test consisted of a 
pressure,  leakage and torque measurement. 

Test Results 

The 8 inch bayonet suffered no deterioration or malfunction 
as's result  of the Sand and Dust Tests. 

Test Data 

A l l  data shee ts  and photographs are included in the Rotary 
Joint Design Verification Test Reports, Task IV. 

& 
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7.2.1.5.3 Sal t  Fog 

Test Requirements 

The Salt Fog Test was the second of the environmental tests on the 
bayonet'joint test i t e m ,  The unit had to be tested while connected 
to the rotary joint of Task IV. 

Test Procedure 

The test was conducted in  accordance with Section 17 of 
KSC-STD-164D. 

Prior to installation in the test chamber, the test i t e m  was  visually 
inspected for corrosion, dirt and oily f i l m s .  Location and extent 
of corrosion was  recorded. Dirt and oily f i l m s  were removed. The 
test i t e m  was  installed in the test chamber in accordance with 
Paragraph 4.4.1 of KSC-STD-164D. After 240 &2 hours of exposure 
in salt fog of 5% salt and 95% water at 95 +2/-4"F, the test i t e m  
was  allowed to stand until thoroughly dry. 

The test i t e m  was photographed at the conclusion of the Salt  Fog 
Test while still in the test position. 

A rotary joint functional test was performed as specified in 
Paragraph 5.3 of 8-480086 at the conclusion of this test. 

Test Results 

There was no evidence of excessive corrosion on the 8-inch bayonet 
test i t e m  after completing this Salt Fog Test. 

Test Data 

A l l  test data  shee ts  and photographs are included in the rotary 
joint test report Task IV. 
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7.2.1.5.4 Vibration Test 

Test Require m e  nt s 

The vibration (third environmental test) a l so  had to  be performed on 
the bayonet test i t e m  while connected to  the rotary joint of Task IV. 
Due to a weight limitation on the shaker,  only one-half of the 
bayonet joint was  subjected to this test. Due to a lack of t i m e  in  
the overall program schedule , only the sinusoidal excitation was  
performed. 

Test Procedure 

The test i t e m  was  installed in the test fixture a s  shown in the 
Task IV Test Report. 

The test i t e m  was subjected to vibration tests in accordance with 
KSC-STD-1 64D, Paragraph 9 . 2  , Procedure 11, Paragraphs 9.3.1 
and 9.3.4 except that the test levels were as specified in this  
document. 

The entire sequence of vibration tests were accomplished three 
t i m e s  (once in each of the principal axes) and all testing was  
completed in one axis before changing axis .  The test sequence 
in each  axis  was:  (1) resonant frequency search and (2)  sinusoidal 
sweep. 

Throughout the vibration test program, the test i t e m  was functionally 
monitored for possible failure detection. Prior to testing in each 
ax i s ,  the test i t e m  was functionally tested per Paragraph 5.3 of 
8-480086. 

Res onant Frequency Search 

The test i t e m  was installed in accordance with Paragraph 4.4.1 of 
KSC-STD-164D. The fixture/test i t e m  assembly was exposed to 
sinusoidal vibration at an  acceleration level of 1 g.  The frequency 
range of 5 to 3000 cps was traversed logarithmically in directions 
of both increasing and decreasing for a period not to exceed 1 5  
minutes per axis. The test i t e m  was functionally tested at the 
conclusion of the test per Paragraph 5 e 3 of 8-480086 

S inu s oidal S we e p 

The fixture/test i t e m  assembly was exposed to sinusoidal sweep 
vibration at an acceleration as specified in Figure 7 for panel support 
structure. The frequency range of 1 0  to 2000 cps was traversed 

Page 111 



logarithmically in directions of both increasing and decreasing fre- 
quency for a test period df 20 minutes (10 minutes increasing and 
1 0  minutes decreasing).  The test i t e m  was functionally tes ted a t  
the conclusion of the test per Paragraph 5.3 of 8-480086. 

Test Results 

The fixture/test i t e m  resonant frequencies were recorded. 
frequencies of the test i t e m  were recorded. Critical frequencies were 
those frequencies at which functional degradation or excessive noise 
occurred. Actual test t i m e s  were recorded. The vibration test setup 
was  photographed. The test data  from all functional tests were 
recorded as specified in  Paragraph 5.3.3 of 8-480086. There were 
no failures of the 8-inch bayonet following vibration that could be 
detected from performing the functional test specified.  

Critical 

Test Data 

A l l  data shee ts  and photographs are included in the rotary joint test 
report, Task  N. 

7.2.1.5.5 Burst Test 

In order to prevent any damage to the test i t e m  which would preclude 
any future work with the bayonet or bayonet/rotary assembly, the 
Burst Test was not performed. The original requirements were to 
pressurize the test i t e m  to 760 psig for five minutes. 
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7.3 

7 .4  

7.5 

DESIGN SPECIFICATIONS 

Contract NAS 10-6098 required the preparation of a procure- 
ment specification for the bayonet joint .  This document 
t i t led "Coupling, Cryogenic-Vacuum Jacketed Cryogenic 
Transfer and Storage Systems" was  assigned the number 
79K0006 1 by KSC . 
KSC format. 

The document was prepared on "B" size 

CONCLUSIONS 

A s  can  be s e e n  i n  the resul ts  of the hea t  leak test, th i s  
design m e t  the original 300 Btu design goals for LO2 system. 
One heat  leak data point has  a l s o  been establ ished for an  
LH2 joint heat  leak which wil l  a id  in  future research.  

The development of the high compressive strength open- 
celled polyurethane foam for the LH2 system insulator 
proved very satisfactory a s  a support for the steel foil  
cover. The foil cover fabrication and insulator leakage 
test a l s o  proved that  this  insulator was  a practical  design. 

The proof pressure t e s t s  proved the practicality of the non- 
ring reinforced cylinder/cone assembly while still maintaining 
heat  leak values  equal  to  the present coaxial  bayonet design. 

The re-use of the liquid nose seal proved satisfactory as long 
as it was  used in the same joint each  t i m e .  A s  pointed out in  
the Masoneilan report, this joint  lends i tself  very nicely to  
those applications requiring a low hea t  leak and e a s y  
separation. 

RECOMMENDATIONS 

Due to  the rather large difference between the calculated 
hea t  leak and the measured heat  leaks using the CTL Dixie 
insulator,  separate conductivity tests should be done on 
this material. This would allow for a more accurate analyt- 
ical determination of the total  heat  leak for this type joint. 

The tests on the LH2 system insulators should be repeated 
using liquid hydrogen in  lieu of LN2.  This design requires 
very high order of cryopumping t o  eliminate gas  conduction. 
Since no attempt w a s  made to  use  pure CO2 back fill gas  
i n  the insulator,  it is felt that  the measured hea t  leaks still 
represents a considerable amount of gas  conduction. I t  
was  mainly the gas  convection that  was  reduced in cryo- 
pumping CO2 with LN2.  
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It was decided, prior to the tare heat leak test, that the 
majority of the heat gain was through the f i l l  and vent 
piping connected to the test section and,  therefore, only 
that portion of the assembly was tested.  Any future testing 
should also include the other half t o  pick up its radiation 
heat gain i n  the total tare leakage. For purposes of this 
test program, it was felt that this error was small and could 
be ignored. 

A s  a result of the test program, it was found that the Tek- 
Seal used a s  the liquid nose seal was re-usable on any one 
particular joint. The sea l  should not be transferred to  and 
used on any other similar joint due to  the tolerance variation 
between joints. The pre-crush of this s ea l  can allow it to  
pas s  excessive amounts of liquid into the insulator cavity i f  
cavity tolerances from one joint to another vary excessively. 
I t  is a l so  recommended that the aluminum retaining band over 
the Tek-Seal be notched and bent slightly inward. This pro- 
vides for a better grip of the sea l  since it is difficult to  make 
a shrink f i t  between the sea l  and ring. It a l so  aids in the 
assembly of the sea l  to the bayonet, by allowing the ring to 
feed m d e r  the insulator without damaging the insulator 
material 

In order to confirm the findings of this report with regard to  
ease of handling and installation of this type of joint, a 
typical pipe section at one of the KSC installations should 
be modified to  include this design. 

This joint should a l so  be specified on all new installations 
requiring large vacuum jacketed lines. This is particularly 
true on the single-plane-entry joints required on the large 
cross-country assemblies. I t  provides a much simpler field 
joint . 
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7.6 APPENDIX 
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THE TWERMAL CONDUCTIVITY O F  

'CTECSULATE PF' T E F L O N  FEP 

FOAM IN NITKOGEN 

ZZL-69-027 
MP-572-1-681 

August 1969 
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2 ZL-69 -027 
MP-572-1-6S 1 

The thermal conductivirity, K, of 'TECSULkTE PPI Teflon FEP foam has been 
determined for mean panel temperatures from -223 to 67°F in an atmosphere 
of gaseous nitrogen niaintaineil at 14.7 psia (Ref. Ametek-Straza P.0. #74066). 

A guarded hot-platc apparatus, developed at General Dynaniics Convair by 
James Fa Has E n s ,  and described in ASTM Special Technical Publication No. 
411, was used for the test. 

Four 7 "squares of thc foam material, i n  1/4" nominal thickness, were used 
to make two 1/2If thick test samples. The samples were placed in-a stainless 
steel pillow cover, as shown in  Figure 1. 

Test  results are presented in Table 1 and Figure 2. Test specimens were 
manufactured by Thennech Engineering Corp. of Anaheim, California. 

' 1  

Page 117 



BASE WITH A-N 
FITTING 

THERM 0 C O W L  E 
AND HEATER 
WIRES 

PRESSURE APPLIED 
BY VEST 

SAMPLE 

THIN 321 S T A I N L E S S  
S T E E L  PILLOW COVER 

MECH AN I C P. L 
FOR WIRES 

NITROGEN 

J U NC T I ON 

GUARD HEATER 

CENTER H E A T E R  

SAMPLE 

SEAM WELD FOR 
VACUUM TIGHT BOX 

FIGURE 1. GUAFIDED HOT PLATE THERMAL CONDUCTIVITY 

APPARATUS SAMPLE C O N T A I N E R  
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